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Here is the new INTERFACE catalog from National Semiconductor Corporation. It contains complete infor- 
mation on all of National's INTERFACE products and we hope it becomes your most important INTERFACE 
guide. For your convenience, two different Tables of Contents are provided. One lists the products by 
type— Line Driver, Sense Amplifier, etc.— and the other lists the products alphanumerically by part number. 
Product selection guides and a complete product applications section are also included. For information on 
products that become available after this catalog goes to print, contact your local National office. The ad- 
dresses are listed on the back cover. 
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Ordering Information 


Ordering information for National devices covered in this catalog is as follows: 


DS 3611 N 


DEVICE NUMBER 


DEVICE FAMILY 


DEVICE FAMILY 

DM — Digital Monolithic 
DS — Digital Special 
NCT — Opto Couplers 

DEVICE NUMBER 

3, 4 or 5 digit number 
Suffix Indicators: 

A — improved Electrical Specification 


PACKAGE 

D — Glass/Metal Dual-1 n-Line Package 
F — Flat Package (0.25” wide) 

G - TO-8 (12 lead) Metal Can 
H — TO-5 (multi-lead) Metal Can 
J — Glass/Glass Dual-1 n-Line Package 
N — Molded Dual-ln-Line Package 
W — Flat Package (0.275” wide) 


NationaFs interface products use a 16/36 prefix. The 16 Is used to denote the military temperature range 
(— 55°C to -f-125°C) and the 36 denotes the commercial temperature range (0°C to +70°C), i.e. DS1630/ 
DS3630. Display drivers and line drivers and receivers employ a 76/86 or a 78/88 prefix. The 76 or 78 applies 
to the military part, and the 86 or 88 to the commercial part, i.e. DS7830/DS8830. Some interface circuits 
and sense amplifiers employ a 55 as the first two digits for the military temperature range part, and a 75 for 
the commercial part, i.e. DS5520/DS7520. Digital products employ a 54 as the first two digits for the 
military temperature range part, and a 74 for the commercial part, i.e. DM5446/DM7446. 
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PERIPHERAL/POWER DRIVERS - SECTION 1 

DS1611 Dual Peripheral Driver 1-1 

DS1612 Dual Peripheral Driver . 1-1 

DS1613 Dual Peripheral Driver 1-1 

DS1614 Dual Peripheral Driver 1-1 

DS1631 CMOS Dual Peripheral Driver 1-7 

DS1632 CMOS Dual Peripheral Driver 1-7 

DS1633 CMOS Dual Peripheral Driver 1-7 

DS1634 CMOS Dual Peripheral Driver 1-7 

DS1686 Positive Voltage Relay Driver 1-13 

DS1687 Negative Voltage Relay Driver 1-15 

DS3611 Dual Pelpheral Driver 1-1 

DS3612 Dual Peripheral Driver 1-1 

DS3613 Dual Peripheral Driver 1-1 

DS3614 Dual Peripheral Driver 1-1 

DS3631 CMOS Dual Peripheral Driver 1-7 

DS3632 CMOS Dual Peripheral Driver 1-7 

DS3633 CMOS Dual Peripheral Driver 1-7 

DS3634 CMOS Dual Peripheral Driver 1-7 

DS3686 Positive Voltage Relay Driver 1-13 

DS3687 Negative Voltage Relay Driver 1-15 

DS55450 Dual Peripheral Driver ■ • • ■ 

DS55451 Dual Peripheral Driver 1-17 

DS55452 Dual Peripheral Driver 1-17 

DS55453 Dual Peripheral Driver 1-17 

DS55454 Dual Peripheral Driver . 1-17 

DS55460 Dual Peripheral Driver 1-28 

DS55461 Dual Peripheral Driver 1-28 

DS55462 Dual Peripheral Driver . 1-28 

DS55463 Dual Peripheral Driver 1-28 

DS55464 Dual Peripheral Driver 1-28 

DS75450 Dual Peripheral Driver 1-17 

DS75451 Dual Peripheral Driver 1-17 

DS75452 Dual Peripheral Driver 1-17 

DS75453 Dual Peripheral Driver 1-17 

DS75454 Dual Peripheral Driver .1-17 

DS75460 Dual Peripheral Driver 1-28 

DS75461 Dual Peripheral Driver T-28 

DS75462 Dual Peripheral Driver 1-28 

DS75463 Dual Peripheral Driver 1-28 

DS75464 Dual Peripheral Driver . 1-28 





LEVEL TRANSLATORS/BUFFERS - SECTION 2 






DS1630 Hex CMOS Compatible Buffer 





. . 2-1 

DS3630 Hex CMOS Compatible Buffer 





. 2-1 

DS7800 Dual Voltage Translator 





..2-4 

DS7802 High Speed MOS to TTL Level Converter 





.5-32 

DS7806 High Speed MOS to TTL Level Converter 





. 5-32 

DS7810 Quad 2-Input TTL-MOS Interface Gate 





. 2-7 

DS781 1 Quad 2-Input TTL-MOS Interface Gate 





. 2-7 

DS7812 TTL-MOS Hex Inverter 





.. 2-1 

DS78L12 TTL-MOS Hex Inverter/ Interface Gate 





. 2-10 

DS7819 Quad 2-Input TTL-MOS AND Gate 






. 2-12 

DS8800 Dual Voltage Translator . . . . 





.. 2-4 

DS8802 High Speed MOS to TTL Level Converter 





. 5-32 

DS8806 High Speed MOS to TTL Level Converter 





. . 5-32 

DS8810 Quad 2-Input TTL-MOS Interface Gate 





. 2-7 

DS881 1 Quad 2-Input TTL-MOS Interface Gate . . 





. 2-7 

DS8812 TTL-MOS Hex Inverter . . . . 





. 2-7 

DS88L12 TTL-MOS Hex Inverter/Interface Gate . . 



. V .■ 


. 2-10 

DS8819 Quad 2-Input TTL-MOS AND Gate . 
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LINE DRIVERS/RECEIVERS - SECTION 3 






DS1488 Quad Line Driver 





. 3-1 

DS1489 Quad Line Receiver 


’ . ’ . i. . 



. 3-4 

DS1489A Quad Line Receiver . 





. 3-4 

DS1603 Dual Line Receiver 





. 3-56 

DS1688 Quad TRI-STATE® Differential Line Driver 





. 3-6 

DS1689 Quad Differential Line Receiver 




. .. . 

.3-8 

DS1690 Quad Differential Line Receiver 






. 3-8 

DS3603 Dual Line Receiver 





. :?-56 

DS3604 Dual Line Receiver 





. 3-56 

DS3650 Quad Line Receiver 





.3-10 

DS3652 Quad Line Receiver 





.3-10 

DS3660 Optically Isolated Line Receiver 


.......... 



. 7-1 

DS3661 Optically Isolated Line Receiver 





. 7-1 

DS3688 Quad TRI-STATE® Differential Line Driver 





. 3-6 

DS3689 Quad Differential Line Receiver 






. 3^8 

DS3690 Quad Differential Line Receiver . 





. 3-8 

DS7640 Quad NOR Unified Bus Receiver 

: 




.3-15 

DS7641 Quad Unified Bus Transceiver 





3-T7 

DS7820 Dual Line Receiver 


.......... 



. 3-22 

DS7820A Dual Line Receiver 





. 3-25 

DS78LS20 Dual Differential Line Receiver 





. 3-29 

DS7822 Dual Line Receiver 





. 3-31 

DS7830 Dual Differential Line Driver 




. . 

. 3-34 

DS7831 TRI-STATE® Line Driver 





. 3-37 

DS7832 TRI-STATE® Line Driver 






. 3-37 

DS7833 Quad TRI-STATE® Party Line Transceiver 





. 3-42 

DS7834 Quad TRI-STATE® Party Line Transceiver 





.3-46 

DS7835 Quad TRI-STATE® Party Line Transceiver 





. 342 

DS7836 Quad NOR Unified Bus Receiver . 





. 3-50 

DS7837 Hex Unified Bus Receiver 





. 3-52 

DS7838 Quad Unified Bus Transceiver 





. 3-54 

DS7839 Quad TRI-STATE® Party Line Transceiver 





. 3-46 

DS8640 Quad NOR Unified Bus Receiver 


........... 



.3-15 

DS8641 Quad Unified Bus Transceiver 




i . ; 

. 3-17 

DS8642 Quad Transceiver 





.3-19 

DS8820 Dual Line Receiver 





.3-22 

DS8820A Dual Line Receiver 


... t ..... . 



. 3-25 

DS88LS20 Dual Differential Line Receiver . . . 


. . . i . . 



. 3-29 

DS8822 Dual Line Receiver 





. 3-31 

DS8830 Dual Differential Line Driver 





. 3-34 

DS8831 TRI-STATE® Line Driver 





. 3-37 
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LINE DRIVERS/RECEIVERS - SECTION 3 (CONTINUED) 

DS8832 TRI-STATE® Line Driver 3-37 

DS8833 Quad TRI-STATE® Party Line Transceiver 3-42 

DS8834 Quad TRI-STATE® Party Line Transceiver 3-46 

DS8835 Quad TRI-STATE® Party Line Transceiver 3-42 

DS8836 Quad NQR Unified Bus Receiver 3-50 

DS8837 Hex Unified Bus Receiver 3-52 

DS8838 Quad Unified Bus Transceiver 3-54 

DS8839 Quad TRI-STATE® Party Line Transceiver 3-46 

DS55107 Dual Line Receiver 3-56 

DS55108 Dual Line Receiver 3-56 

DS55109 Dual Line Driver 3-63 

DS55110 Dual Line Driver 3-63 

DS55121 Dual Line Driver 3-66 

DS55122 Triple Line Receiver 3-68 

DS75107 Dual Line Receiver 3-56 

DS75108 Dual Line Receiver 3-56 

DS75109 Dual Line Driver 3-63 

DS75110 Dual Line Driver 3-63 

DS75121 Dual Line Driver 3-66 

DS75122 Triple Line Receiver 3-68 

DS75123 Dual Line Driver 3-71 

DS75124 Triple Line Receiver 3-73 

DS75150 Dual Line Driver 3-76 

DS75154 Quad Line Receiver 3-79 

DS75207 Dual Line Receiver 3-56 

DS75208 Dual Line Receiver 3-56 

MEMORY/CLOCK DRIVERS - SECTION 4 

DS0025 2 Phase MOS Clock Driver 4-1 

DS0025C 2 Phase MOS Clock Driver 4-1 

DS0026 5 MHz 2 Phase MOS Clock Driver 4-4 

DS0056 5 MHz 2 Phase MOS Clock Driver 4-4 

DS1640 Quad MOS TRI-SHARE'^'^ Driver 4-17 

DS1642 Dual Bootstrapped MOS Clock Driver 4-20 

DS1645 Hex TRI-STATE® MOS Latch/Driver , 4-29 

DS1646 6-Bit TRI-STATE® MOS Refresh Counter/Driver 4-33 

DS1647 Quad TRI-STATE® Memory I/O Register 4-36 

DS1648 TRI-STATE® MOS Multiplexer/Driver , 4-41 

DS1649 Hex TRI-STATE® MOS Driver 4-46 

DS1670 Quad MOS TRI-SHARE™ Driver 4-17 

DS1671 Bootstrapped 2 Phase MOS Clock Driver 4-49 

DS1672 Dual Bootstrapped MOS Clock Driver 4-20 

DS1675 Hex TRI-STATE® MOS Latch/Driver 4-29 

DS1676 6-Bit TRI-STATE® MOS Refresh Co unter/D river . 4-33 

DS1677 Quad TRI-STATE® MOS Memory I/O Register 4-36 

DS1678 TRI-STATE® MOS Multiplexer/Driver 4-41 

DS1679 Hex TRI-STATE® MOS Driver . 4-46 

DS3629 Memory Driver with Decode Inputs . 4-11 

DS3640 Quad MOSTRI-SHARE™ Driver 4-17 

DS3642 Dual Bootstrapped MOS Clock Driver 4-20 

DS3643 Decoded Quad MOS Clock Driver • ^‘23 

DS3644 Quad MOS Clock Driver .. 4-26 

DS3645 Hex TRI-STATE® MOS Latch/Driver 4-29 

DS3646 6-Bit TRI-STATE® MOS Refresh Counter/Driver 4-33 

DS3647 Quad TRI-STATE® MOS Memory I/O Register 4-36 

DS3648 TRI-STATE® MOS Multiplexer/Driver 4-41 

DS3649 Hex TRI-STATE® MOS Driver 4-46 

DS3670 Quad MOS TRI-SHARE™ Driver 4-'’ 

DS3671 Bootstrapped 2 Phase MOS Clock Driver 




MEMORY/CLOCK DRIVERS -SECTION 4 (CONTINUED) 

DS3672 Dual Bootstrapped MOS Clock Driver 4-20 

DS3673 Decoded Quad MOS Clock Driver 4-23 

DS3674 Quad MOS Clock Driver i . . 4-26 

DS3675 Hex TRI-STATE® MOS Latch/Driver 4-29 

DS3676 6-Bit TRI-STATE® MOS Refresh Counter/Driver 4-33 

DS3677 Quad TRI-STATE® MOS Memory I/O Register . 4-36 

DS3678 TRI-STATE® MOS Multiplexer/Driver 4-41 

DS3679 Hex TRI-STATE® MOS Driver . 446 

DS7803 2 Phase Oscillator/Clock Driver 4-56 

DS7807 2 Phase Oscillator/Clock Driver 4-60 

DS8803 2 Phase Oscillator/Clock Driver 4-56 

DS8807 2 Phase Oscillator/Clock Driver 4-60 

DS8813 2 Phase Oscillator/Clock Driver . . 4-56 

DS8817 2 Phase Oscillator/Clock Driver 4-60 

DS16147 Quad TRI-STATE® MOS Memory I/O Register 4-36 

DS16149 Hex MOS Driver 4-53 

DS16177 Quad TRI-STATE® MOS Memory I/O Register 4-36 

DS16179 Hex MOS Driver 4-53 

DS36147 Quad TRI-STATE® MOS Memory I/O Register 4-36 

DS36149 Hex MOS Driver 4-53 

DS36177 Quad TRI-STATE® MOS Memory I/O Register 4-36 

DS36179 Hex MOS Driver 4-53 

DS55325 Memory Driver 4-70 

DS75324 Memory Driver with Decode Inputs 4-64 

DS75325 Memory Driver 4-70 

DS75361 Dual TTL to MOS Driver 4-77 

DS75362 Dual TTL to MOS Driver 4-82 

DS75364 Dual MOS Clock Driver 4-87 

DS75365 Quad TTL to MOS Driver 4-91 


SENSE AMPLIFIERS - SECTION 5 

DS1603 Dual MOS Sense Amplifier 3-56 

DS1605 High Speed Hex MOS Sense Amplifier 5-1 

DS1606 High Speed Hex MOS Sense Amplifier 5-1 

DS1607 High Speed Hex MOS Sense Amplifier 5-1 

DS1608 High Speed Hex MOS Sense Amplifier 5-1 

DS3603 Dual MOS Sense Amplifier 3-56 

DS3604 Dual MOS Sense Amplifier . . . 3-56 

DS3605 High Speed Hex MOS Sense Amplifier 5-1 

DS3606 High Speed Hex MOS Sense Amplifier 5-1 

DS3607 High Speed Hex MOS Sense Amplifier 5-1 

DS3608 High Speed Hex MOS Sense Amplifier . 5-1 

DS3625 Dual High Speed MOS Sense Amplifier 5-6 

DS3651 Quad High Speed MOS Sense Amplifier 5-8 

DS3653 Quad High Speed MOS Sense Amplifier . . . . 5-8 

DS5520 Dual Core Memory Sense Amplifier - 5-13 

DS5520A Dual Core Memory Sense Amplifier 5-13 

DS5521 Dual Core Memory Sense Amplifier . 5-13 

DS5522 Dual Core Memory Sense Amplifier 5-13 

DS5522A Dual Core Memory Sense Amplifier 5-13 

DS5523 Dual Core Memory Sense Amplifier . 5-13 

DS5524 Dual Core Memory Sense Amplifier 5-13 

DS5524A Dual Core Memory Sense Amplifier 5-13 

DS5525 Dual Core Memory Sense Amplifier 5-13 

DS5528 Dual Core Memory Sense Amplifier . 5-13 

DS5528A Dual Core Memory Sense Amplifier 5-13 

DS5529 Dual Core Merhory Sense Amplifier 5-13 

DS5534 Dual Core Memory Sense Amplifier 5-13 

DS5534A Dual Core Memory Sense Amplifier . 5-13 



SENSE AMPLIFIERS - SECTION 5 (CONTINUED) 

DS5535 Dual Core Memory Sense Amplifier 5-13 

DS5538 Dual Core Memory Sense Amplifier 5-13 

DS5538A Dual Core Memory Sense Amplifier 5-13 

DS5539 Dual Core Memory Sense Amplifier 5-13 

DS7520 Dual Core Memory Sense Amplifier . 5-13 

DS7520A Dual Core Memory Sense Amplifier 5-13 

DS7521 Dual Core Memory Sense Amplifier 5-13 

DS7522 Dual Core Memory Sense Amplifier 5-13 

DS7522A Dual Core Memory Sense Amplifier 5-13 

DS7523 Dual Core Memory Sense Amplifier 5-13 

DS7524 Dual Core Memory Sense Amplifier 5-13 

DS7524A Dual Core Memory Sense Amplifier 5-13 

DS7525 Dual Core Memory Sense Amplifier 5-13 

DS7528 Dual Core Memory Sense Amplifier 5-13 

DS7528A Dual Core Memory Sense Amplifier 5-13 

DS7529 Dual Core Memory Sense Amplifier 5-13 

DS7534 Dual Core Memory Sense Am'plifer 5-13 

DS7534A Dual Core Memory Sense Amplifier 5-13 

DS7535 Dual Core Memory Sense Amplifier 5-13 

DS7538 Dual Core Memory Sense Amplifier 5-13 

DS7538A Dual Core Memory Sense Amplifier 5-13 

DS7539 Dual Core Memory Sense Amplifier 5-13 

DS7802 Dual High Speed MOS Sense Amplifier 5-32 

DS7806 Dual High Speed MOS Sense Amplifier 5-32 

DS8802 Dual High Speed MOS Sense Amplifier 5-32 

DS8806 Dual High Speed MOS Sense Amplifier 5-32 

DS55107 Dual MOS Sense Amplifier 3-56 

DS55108 Dual MOS Sense Amplifier 3-56 

DS75107 Dual MOS Sense Amplifier 3-56 

DS75108 Dual MOS Sense Amplifier 3-56 

DS75207 Dual MOS Sense Amplifier 3-56 

DS75208 Dual MOS Sense Amplifier 3-56 

DISPLAY DRIVERS ~ SECTION 6 

DM5441 A BCD to Decimal Decoder/Nixie^'^ Driver 6-1 

DM5446A BCD to 7-Segment Decoder/Driver i 6-3 

DM5447A BCD to 7-Segment Decoder/Driver 6-3 

DM5448 BCD to 7-Segment Decoder/Driver 6-3 

DM7441A BCD to Decimal Decoder/Nixie™ Driver 6-1 

DM7446A BCD to 7-Segment Decoder/Driver 6-3 

DM7447A BCD to 7-Segment Decoder/Driver 6-3 

DM7448 BCD to 7-Segment Decoder/Driver 6-3 

DM54141 BCD to Decimal Decoder/Driver 6-8 

DM74141 BCD to Decimal Decoder/Driver 6-8 

DS7856 BCD to 7-Segment LED Driver 6-37 

DS7858 BCD to7-Segment LED Driver 6-37 

DS7880 High Voltage 7-Segment Decoder/Driver 6-59 

DS7885 MOS to High Voltage Cathode Buffer . 6-64 

DS7887 8-Digit High Voltage Anode Driver 6-66 

DS7889 8-Digit High Voltage Cathode Driver 6-66 

DS7891 High Voltage Anode Driver (Active Low Inputs) 6-70 

DS7895 Quad LED Segment Driver 6-74 

DS7897 8-Digit High Voltage Anode Driver 6-66 

DS8650 Low Voltage 4-Digit LED Driver 6-10 

DS8651 Low Voltage 7-Segment LED Driver 6-12 

DS8654 8-Output Buffer 6-14 

DS8655 12-Output Decoder/Driver and Oscillator 6-14 

DS8656 Diode Matrix 6-14 

PS8658 Low Voltage 4-Digit LED Driver 6-20 

DS8659 Low Voltage 7-Segment LED Driver 6-12 

DS8673 7-Segment Decoder/Driver/Latch 6-22 





DISPLAY DRIVERS - SECTION 6 (CONTINUED) 

DS8674 7-Segment Decoder/Drlver/Latch 

DS8692 Printing Calculator Interface Set 

DS8693 Printing Calculator Interface Set 

DS8694 Printing Calculator Interface Set . . . . 

DS8844 LED Cathode Driver 

DS8855 LED Cathode Driver 

DS8S56 BCD to 7-Segment LED Driver 

DS8857 BCD to 7-Segment LED Driver . . 

DS8858 BCD to 7-Segment LED Driver 

DS8859 Open Collector Hex Latch LED Driver 

DS8861 MOS to LED 5-Segment Driver . 

DS8863 MOS to LED 8-Digit Driver . . . 

DS8864 LED Cathode Driver 

DS8865 LED Cathode Driver 

DS8866 LED Cathode Driver ;...... 

DS8867 8-Segment Driver 

DS8868 12-Digit Decoder/Driver 

DS8869 Open Collector Hex Latch LED Driver 

DS8870 Hex LED Digit Driver 

DS8871 Saturating LED Cathode Driver 

DS8872 Saturating LED Cathode Driver 

DS8873 Saturating LED Cathode Driver 

DS8874 9-Digit Shift Input LED Driver 

DS8876 9-Digit Shift Input LED Driver 

DS8877 6-Digit LED Driver 

DS8879 9-Digit Shift input LED Driver 

DS8880 High Voltage 7-Segment Decocjer/D river 

DS8884A High Voltage Cathode Decoder/Driver 

DS8885 MOS to High Voltage Cathode Buffer . . 

DS8887 8-Diglt High Voltage Anode Driver 

DS8889 8-Digit High Voltage Cathode Driver 

DS8891 High Voltage Anode Driver (Active Low Inputs) . . 

DS8892 Programmable Hex LED Digit Driver 

DS8895 Quad LED Segment Driver 

DS8897 8-Digit High Voltage Anode Driver . . 

DS8963 MOS to LED 8-Dlgit Driver 

DS8973 LED 9-Diglt Driver 

DS8974 LED 9-Digit Driver 

DS8976 LED 9-Digit Driver 

DS8977 Saturating LED Cathode Driver 

DS75491 MOS to LED Quad Segment Driver 

DS75492 MOS to LED Hex Digit Driver 

DS75493 Quad LED Segment Driver 

DS75494 Hex Digit Driver 

OPTO-COUPLERS - SECTION 7 

DS3660 Optically Isolated Line Receiver 

DS3661 Optically Isolated Line Receiver 

NCT200 Phototransistor Opto-Coupler 

NCT260 Phototransistor Opto-Coupler 

4N25 Phototransistor Opto-Coupler 

4N26 Phototransistor Opto-Coupler 

4N27 Phototransistor Opto-Coupler 

4N28 Phototransistor Opto-Coupler . . . 

APPLICATIONS/BRIEFS - SECTION 8 

AN-22 Integrated Circuits for Digital Data Transmission 

AN-76 Applying Modern Clock Drivers to MOS Memories 

AN-83 Data Bus and Differential Line Drivers and Receivers 

AN-84 Driving 7-Segment Gas Discharge Display Tubes with NS Circuits 
AN-99 Driving 7-Segment LED Displays with NS Circuits 
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Alpha-Numerical Index 

NATIONAL 


DM5441A BCD to Decimal Decoder/Nixie^'^ Driver 6-1 

DM5446A BCD to 7-Segment Decoder/Driver . 6-3 

DM5447A BCD to 7-Segment Decoder/Driver ^ 6-3 

DM5448 BCD to 7-Segment Decoder/Driver 6-3 

DM7441A BCD to Decimal Decoder/Nixie^*^ Driver 6-1 

DM7446A BCD to 7-Segment Decoder/Driver 6-3 

DM7447A BCD to 7-Segment Decoder/Driver 6-3 

DM7448 BCD to 7-Segment Decoder/Driver 6-3 

DM54141 BCD to Decimal Decoder/Driver 6-8 

DM74141 BCD to Decimal Decoder/Driver 6-8 

DS0025 2 Phase MOS Clock Driver 4-1 

DS0025C 2 Phase MOS Clock Driver 4-1 

DS0026 5 MHz 2 Phase MOS Clock Driver 4-4 

DS0056 5 MHz 2 Phase MOS Clock Driver 4-4 

DS1488 Quad Line Driver 3-1 

DS1489 Quad Line Receiver 3-4 

DS1489A Quad Line Receiver 3-4 

DS1603 Dual Line Receiver 3-56 

DS1605 High Speed Hex MOS Sense Amplifier 5-1 

DS1606 High Speed Hex MOS Sense Amplifier ‘ 5-1 

DS1607 High Speed Hex MOS Sense Amplifier 5-1 

DS1608 High Speed Hex MOS Sense Amplifier 5-1 

DS1611 Dual Peripheral Driver 1-1 

DS1 61 2 Dual Peripheral Driver 1-1 

DS1613 Dual Peripheral Driver 1-1 

DS1614 Dual Peripheral Driver 1-1 

DS1630 Hex CMOS Compatible Buffer ..2-1 

DS1631 CMOS Dual Peripheral Driver 1-7 

DS1632 CMOS Dual Peripheral Driver 1-7 

DS1633 CMOS Dual Peripheral Driver 1-7 

DS1634 CMOS Dual Peripheral Driver 1-7 

DS1640 Quad MO? TRI-SHARE™ Driver 4-17 

DS1642 Dual Bootstrapped MOS Clock Driver 4-20 

DS1645 Hex TRI-STATE® MOS Latch/Driver 4-29 

DS1646 6-Bit TRI-STATE® MOS Refresh Counter/Driver 4-33 

DS1647 Quad TRI-STATE® Memory I/O Register 4-36 

DS1648 TRI-STATE® MOS Multiplexer/Driver , 4-41 

DS1649 Hex TRI-STATE® MOS Driver , 4-46 

DS1670 Quad MOS TRI-SHARE™ Driver 4-17 

DS1671 Bootstrapped 2 Phase MOS Clock Driver 4-49 

DS1672 Dual Bootstrapped MOS Clock Driver 4-20 

DS1675 Hex TRI-STATE® MOS Latch/Driver 4-29 

DS1676 6-Blt TR I-STATE® MOS Refresh Counter/Driver 4-33 

DS1677 Quad TRI-STATE® MOS Memory I/O Register 4-36 

DS1678 TRI-STATE® MOS Multiplexer/Driver 4-41 

DS1679 Hex TRI-STATE® MOS Driver , 4-46 

DS1686 Positive Voltage Relay Driver 1-13 

DS1687 Negative Voltage Relay Driver 1-15 

DS1688 Quad TRI-STATE® Differential Line Driver 1 3-6 

DS1689 Quad Differential Line Receiver 3-8 

DS1690 Quad Differential Line Receiver 3-8 

DS3603 Dual Line Receiver 3-56 

DS3604 Dual Line Receiver 3-56 

DS3605 High Speed Hex MOS Sense Amplifier 5-1 



X 




DS3606 High Speed Hex MOS Sense Amplifier 

DS3607 High Speed Hex MOS Sense Amplifier 

DS3608 High Speed Hex MOS Sense Amplifier 

DS361 1 Dual Peripheral Driver 

DS3612 Dual Peripheral Driver 

DS3613 Dual Peripheral Driver . . 

DS3614 Dual Peripheral Driver 

DS3625 Dual High Speed MOS Sense Amplifier 

DS3629 Memory Driver with Decode Inputs 

DS3630 Hex CMOS Compatible Buffer 

DS3631 CMOS Dual Peripheral Driver 

DS3632 CMOS Dual Peripheral Driver 

DS3633 CMOS Dual Peripheral Driver 

DS3634 CMOS Dual Peripheral Driver 

DS3640 Quad MOS TRI-SHARE'^'^ Driver 

DS3642 Dual Bootstrapped MOS Clock Driver 

DS3643 Decoded Quad MOS Clock Driver 

DS3644 Quad MOS Clock Driver 

DS3645 Hex TRI-STATE® MOS Latch/Driver 

DS3646 6-Bit TRI-STATE® MOS Refresh Counter/Driver 
DS3647 Quad TRI-STATE® MOS Memory I/O Register 

DS3648 TRI-STATE® MOS Multiplexer/Driver 

DS3649 Hex TRI-STATE® MOS Driver 

DS3650 Quad Line Receiver 

DS3651 Quad High Speed MOS Sense Amplifier 

DS3652 Quad Line Receiver 

DS3653 Quad High Speed MOS Sense Amplifier 

DS3660 Optically Isolated Line Receiver 

DS3661 Optically Isolated Line Receiver 

DS3670 Quad MOS TRI-SHARE'^'^ Driver 

DS3671 Bootstrapped 2 Phase MOS Clock Driver 

DS3672 Dual Bootstrapped MOS Clock Driver 

DS3673 Decoded Quad MOS Clock Driver 

DS3674 Quad MOS Clock Driver 

DS3675 Hex TRI-STATE® MOS Latch/Driver 

DS3676 6-Bit TRI-STATE® MOS Refresh Counter/Driver 
DS3677 Quad TRI-STATE® MOS Memory I/O Register 

DS3678 TRI-STATE® MOS Multiplexer/Driver 

DS3679 Hex TRI-STATE® MOS Driver 

DS3686 Positive Voltage Relay Driver 

DS3687 Negative Voltage Relay Driver 

DS3688 Quad TRI-STATE® Differential Line Driver . . . 

DS3689 Quad Differential Line Receiver 

DS3690 Quad Differential Line Receiver 

DS5520 Dual Core Memory Sense Amplifier 

DS5520A Dual Core Memory Sense Amplifier 

DS5521 Dual Core Memory Sense Amplifier 

DS5522 Dual Core Memory Sense Amplifier 

DS5522A Dual Core Memory Sense Amplifier 

DS5523 Dual Core Memory Sense Amplifier 

DS5524 Dual Core Memory Sense Amplifier 

DS5524A Dual Core Memory Sense Amplifier 

DS5525 Dual Core Memory Sense Amplifier 

DS5528 Dual Core Memory Sense Amplifier 

DS5528A Dual Core Memory Sense Amplifier 

DS5529 Dual Core Memory Sense Amplifier 
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Thermal Ratings for Integrated Circuits 



NATIONAL 


MAXIMUM POWER DISSIPATION 
To insure reliable long term operation of its Interface 
Integrated Circuits, National Semiconductor has spec- 
ified maximum junction temperature (Tj) limits. These 
limits are at 150°C for circuits packaged in a molded 
dual-in-line package (Epoxy B), and 175°C for all other 
package types. 

Maximum power dissipation (Pq) of an integrated 
circuit is limited by maximum allowable junction tem- 
perature of the silicone die, and thermal resistance 
(^j-x) of the package. Figure 1 illustrates the relation- 
ship between power dissipation and junction tempera- 
ture. 

The line indicating ''Maximum Power Rating of Pack- 
age" is projected from the maximum junction tempera- 
ture limit (150°C In this example) at a slope corres- 
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ponding to the package thermal resistance (l/0j_x). 
Below this line Is the safe operating area of the device. 
Additional constraints are Maximum Power Dissipation 
and Maximum Operating Temperature (Ta). These 
parameters may be determined from device data sheets. 
For this example, Pd(max) ~ 300 mW and Ta(max) ~ 
70°C. 

Point "A" in Figure 1 Is an operating point corres- 
ponding to Ta = 50° C and Pp = 100 mW. Determine 
device junction temperature by projecting a line from 
point "A," parallel to the Maximum Power Rating curve, 
until it Intersects the horizontal axis. Tj is determined 
from the point of intersection with the horizontal axis. 
For this example, Tj is 45°C. 

THERMAL INFORMATION 

Figure 2 illustrates thermal resistance characteristics 
for Interface Integrated Circuit packages. 
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FIGURE 1. Power Dissipation vs Temperature 
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FIGURE 2. Maximum 0j_x Values for 1C Packages 
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Interface Cross Reference Guide 


DEVICE 

NUMBER 

NATIONAL 

EXACT 

REPLACEMENT 

DEVICE 

NUMBER 

NATIONAL 

EXACT 

REPLACEMENT 

Fairchild 


Texas Instruments (con't) 


9374 

DS8674 

SN55110 

DS55110 



SN55121 

DS55121 

Motorola 


SN55122 

DS55122 



SN55180 

DS55150 

MC1488 

DS1488 

SN55154 

DS55154 

MC1489 

DS1489 

SN55180 

DS7800 

MCI 489 A 

DS1489A 

SN55182 

DS7820A 

MC3437 

DS8837 

SN55183 

DS7830A 

MC3438 

DS8838 

SN55207 

DS55207 

MC3441 

DS3651 

SN55208 

DS55208 

MC3443 

DS3653 

SN55325 

DS55325 

MC3450 

DS3650 

SN55361 

DS55361 

MC3452 

DS3652 

SN55365 

DS55365 

MC3460 

DS3674 

SN 55369 

DS0026 

MC3483 

DS8833 

SN55450 

DS55450 

MC3484 

DS8834 

SN55451 

DS55451 

MC3485 

DS8835 

SN55452 

DS55452 

MC3489 

DS8839 

SN55453 

DS55453 



SN55454 

DS55454 



SN55460 

DS55460 

Signetics 


SN55461 

DS55461 



SN55462 

DS55462 

SP380 

DS8640 

SN55463 

DS55463 

8T13 

DS75121 \ 

SN55464 

DS55464 

8T14 

DS75122 

SN55480 

DS7880 

8T23 

DS75123 

SN55493 

DS55493 

8T24 

DS75124 

SN 55494 

DS55494 ■ 

8T25 

DS3625 

SN75107 

DS75107 

8T26 

DS8826 

SN75108 

DS75108 

8T34 

DS8834 

SN75109 

DS75109 

8T37 

DS8837 

SN75110 

DS75110 

8T38 

DS8838 

SN 75121 

DS75121 

8T51 

DS8856 

SN75122 

DS75122 

8T59 

DS8857 

SN75123 

DS75123 

8T74 ' 

DS8672 

SN75124 

DS75124 

8T380 ■ 

DS8836 

SN75150 

DS75150 



SN75154 

DS75154 

Texas Instruments 


SN75180 

DS8800 



SN75182 

DS8820A 

SN5520 . 

DS5520 

SN75183 

DS8830 

SN5521 

DS5521 

SN75188 

DS1488 

SN5522 

DS5522 

SN75189 

DS1489 

SN5523 

DS5523 

SN75189A 

DS1489A 

SN5524 

DS5524 

SN75207 

CS75207 

SN5525 

DS5525 

SN75208 

DS75208 

SN5528 

DS5528 

SN75324 

DS75324 

SN5529 

DS5529 

SN 75325 

DS75325 

SN5534 

DS5534 

SN75361 

DS75361 

SN5535 

DS5535 

SN75362 

DS75362 

SN5538 

DS5538 

SN75365, . 

DS75365 . 

SN5539 

DS5539 

SN75369 

DS0026C 

SN7520 

DS7520 

SN75450 

DS75450 

SN7521 

DS7521 

SN75451 

DS75451 

SN7522 

DS7522 

SN75452 

DS75452 

SN7523 

DS7523 

SN75453 

DS75453 

SN7524 

DS7524 

SN75454 

DS75454 

SN7525 

DS7525 

SN75460 

DS75460 

SN7528 

DS7528 

SN75461 

DS75461 

SN7529 

DS7529 

SN75462 

DS75462 

SN7534 

DS7534 

SN75463 

DS75463 

SN7535 

DS7535 

SN75464 

DS75464 

SN7538 

DS7538 

SN 75480 

DS8880 

SN7539 

DS7539 

SN75491 

DS75491 

SN55107 

. DS55107 

SN75492 

DS75492 

SN55108 

DS55108 

SN75493 

DS75493 

SN55109 

DS55109 

SN75494 

DS75494 
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Transmission Line Driver and Receiver Product Guide 



NATIONAl. 


Transmission Line Driver and 
Receiver Product Guide 


DEVICE 

DRIVER OR 
RECEIVER 

COMMON MODE 
OR DIFFERENTIAL 

INPUT 

THRESHOLD 

OUTPUT 

LEVELS 

POWER 

SUPPLY 

DESCRIPTION 
AND COMMENTS 

DS7820/DS8820 

Receiver 

Differential 

200 mV 

TTL 

+5.0 

Dual ±15V Common Mode 
Range 

DS78LS20 

Receiver 

Differential 

±200 mV 

TTL 

+5.0 

DS7 820 El A Standards 
RS422 and RS423 

DS1689/DS3689 

Receiver 

Differential 

±200 mV 

TTL 

+5.0 

Quad EIA Standards 
RS422 and RS423 

DS1688/DS3688 

Driver 

Differential 

TTL 

TTL 

+5.0 

Quad EIA Standard RS422 

DS7820A/DS8820A , 

Receiver 

Differential 

200 mV 

TTL 

+5.0 

High Performance DS7820 

DS7822/DS8822 

Receiver 

Differential/ 
Common Mode 

-2.0 to +20 

TTL 

+5.0 

Dual EIA Standard RS232 

DS7830/DS8830 

Driver 

Differential 

TTL 

TTL 

+5.0 

Dual 

DS7831/DS8831 

Driver 

Differential/ 
Common Mode 

TTL 

TTL 

+5.0 

TR 1 -STATE® DS7830 

DS7832/DS8832 

Driver 

Differential/ 
Common Mode 

TTL 

TTL 

+5.0 

DS7831 Without Vcc 

Clamp Diodes 

DS55107/DS75107 

Receiver 

Differential 

25 mV 

TTL 

±5.0 

10 mV Threshold 
DS55107 Dual 

DS55207/DS75207 

Receiver 

Differential 

10 mV 

TTL 

±5.0 

10 mV Threshold DS55107 

DS55108/DS75108 

Receiver 

Differential 

25 mV 

TTL 

±5.0 

Open Collector DS551 07 

DS55208/DS75208 

Receiver 

Differential 

10 mV 

TTL 

±5.0 

10 mV Threshold DS55108 

DS3650 

Receiver 

Differential 

±25 mV 

TTL 

±5.0 

Quad DS75107 

DS3651 

Receiver 

Differential 

±7 mV 

TTL 

±5.0 

Quad DS75107 

DS3652 

Receiver 

Differential 

±25 mV 

TTL 

±5.0 

Quad DS75108 

DS3653 

Receiver 

D ifferential 

±7 mV 

TTL 

±5.0 

Quad DS75108 

DS1603/DS3603 

Receiver 

Differential 

25 mV 

TTL 

±5.0 

TRI-STATE® DS551 07 

DS3604 

Receiver 

Differential 

10 mV 

TTL 

±5.0 

10 mV Threshold DS1 603 

DS55109/DS75109 

Driver 

Differential 

TTL 

6.0 mA 

±5.0 

Dual 

DS55110/DS75110 

Driver 

Differential 

TTL 

12 mA 

±5.0 

12 mA DS55109 

' DS55121/DS75121 

Driver 

Common Mode 

TTL 

TTL 

+5.0 

Dual 50Q or Coax Driver 

DS55122/DS75122 

Receiver 

Common Mode 

0.8 to 2.0 

TTL 

+5.0 

Triple with Hysteresis 

DS55123/DS75123 

Driver 

Common Mode 

TTL 

TTL 

+5.0 

DS55121 for IBM 
Interface 

DS55124/DS75124 

Receiver 

Common Mode 

0.7 to 1.7 

TTL 

+5.0 

DS55123 for IBM 
1 nterf ace 

DS7834/DS8834 

Transceiver 

Common Mode 

TTL 

TTL 

+5.0 

Quad TRI-STATE® 
Hysteresis 

DS7835/DS8835 

T ransceiver 

Common Mode 

TTL 

TTL 

+5.0 

DS7834 with Strobed 
Receiver 

DS7839/DS8839 

Transceiver 

Common Mode 

TTL 

TTL 

+5.0 

Non-Inverting DS7834 

DS7833/DS8833 

Transceiver 

Common Mode 

TTL 

TTL 

+5.0 

DS7839 with Strobed 
Receiver 

DS7836 

Receiver 

Common Mode 

TTL 

TTL 

+5.0 

Quad NOR with 
Hysteresis 

DS7640/DS8640 

Receiver 

Common Mode 

TTL 

TTL 

+5.0 

DS7836 with No 
Hysteresis 

DS7641/DS8641 

Transceiver 

Common Mode 

TTL 

TTL 

+5.0 

DS7838 with No 
Hysteresis 

OS8642 

Transceiver 

Common Mode 

TTL 

TTL 

+5.0 

Quad Open Collector 
with 100 mA Sink 

DS7837/DS8837 

Receiver 

Common Mode 

TTL 

TTL 

+5.0 

Hex with Hysteresis 

DS7838/DS8838 

Receiver 

Common Mode 

TTL 

TTL 

+5.0 

Quad Open Collector 
with Hysteresis 

DS1488 

Driver 

Common Mode 

TTL 

±7.0V . 

±9.0 to 15 

Quad EIA Standard RS232 

DS1489 

Receiver 

Common Mode 

0.75 to 1.5 

TTL 

+5.0 

Quad EIA Standard RS232 
with Hysteresis 

DS1489A 

Receiver 

Common Mode 

0.75 to 2.25 

TTL 

+5.0 

Higher Noise Immunity 
DS1489 

DS75150 

Driver 

Common Mode 

TTL 

±8V 

±12 

Dual EIA Standard RS232 

0875154^ 

Receiver 

Common Mode 

0.8 to 3 

TTL 

+5.0 

Quad EIA Standard RS232 
with Hysteresis 
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Peripheral Driver Guide 

GENERAL DESCRIPTION 







Series or Device Number 

Nominal 

Vcc 

(Volts) 

Output 

Breakdown 

Voltage 

(Volts) 

Maximum 

Output 

Leakage 

Current 

(/uA) 

Maximum 

Output 

On 

Current 

(mA) 

VoL (Max) 
At 

Maximum 
Output Current 
(Volts) 

Typical 

Propagation 

Delay 

(ns) 

DS75450 Series (DS75450, 
DS350,DS75451,DS75452, 
DS75453, DS75454) 

5.0 

30 

100 

300 

0.7 

15 

DS3611 Series (DS3611, 
DS3612, DS3613, DS36I4) 

5.0 

80 

100 

300 

0.7 

130 

DS75460 Series 

5.0 

35 

100 

300 

0.7 

40 

CONNECTION DIAGRAMS 

Vcc A2 X2 B2 C2 

jl4 jl3 1 12 jn |io 

E2 SUB 

_b L 

Vc 

J 

—M 






A1 B1 XI GND 

TOP VIEW 

OS75451,DS3611, 

DS75461 

Vcc B2 A2 X2 



A1 B1 XI GND 
TOP VIEW 

OS75453 (LM351), 
DS3613, DS75463 


TOP VIEW 

DS75450 

DS75460 

B2 A2 X2 



TOP VIEW 

DS75452. DS3612, 
DS75462 

Vcc 82 A2 X2 



A1 B1 XI GNO 
TOP VIEW 

DS75454, DS3614, 
DS75464 
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LED 

Driver Guide 

NSC # 

DESCRIPTION 

STATUS 

‘out 

(Note 1) 
TYP 
mA 

Vqut 

MAX 

V 

# 

PINS 

DEC. 

INV. 

INPUTS 

comments 

DIGIT DRIVERS | 

DS8646 

6 Digit LED Dr . ■ 

F 

84 

5 

Dice 



MOS 

For CMOS Watch CKts 

DS8650 

4 Digit LED Watch Dr 

P 

50 

5 , 

Dice 


• 

MOS 

For CMOS Watch Ckts 

DS8658 

4 Digit LED Watch Dr 

P 

84 

5 

Dice 


• 

MOS 

For CMOS Watch Ckts 

DS8664 

14 Digit LED Dr 

. F 

80 

10 

24 

• 


MOS 

On Chip Clock, 9V LBl 

DS8665 

14 Digit LED Dr 

F 

-15 

10 

24 

• 


' MOS 

On Chip Clock 

DS8666 

14 Digit LED Dr 

■ F 

* 

10 

24 



MOS 

*POS Circuit, On Chip Clock 

DS8844 

17 Digit LED Dr 

P 

50 

10 

16 


• 

MOS 


DS8855 

9 Digit LED Dr 

P 

50 

10, 

22 


• 

MOS 


DS8863 

8 Digit LED Dr 

P 


10 

18 


• 

MOS 


DS8864 

9 Digit LED Dr 

P 

50 

10 

22 


• 

MOS 

9V LBl 

DS8865 

8 Digit LED Dr 

P , 

50 

10 

18 


• 

MOS 


DS8866 

7 Digit LED Dr 

P 

50 

10 

18 


• 

MOS 

9V LBl 

DS8868 

12 Digit LED Dr 

P 

110 

5 

18 

• 


MOS 

4.5V LBl 

DS8870 

6 Digit LED Dr 

P 

350 

10 

14 



MOS 

DS75492 Pin-Out 

DS8871 

8 Digit LED Dr 

P 

40 

10 

18 


• 

MOS 


DS8872 

9 Digit LED Dr 

P 

40 

10 

22 


• 

MOS . 


DS8873 

9 Digit LED Dr 

P 

40 

10 

22 


• 

MOS 

9V LBl 

DS8874 

9 Digit LED Dr 

F 

50 

10 

14 

• 


MOS 

Serial Input, 9V LBl 

DS8876 

9 Digit LED Dr 

F 

50 

10 

14 

• 


MOS 

Serial Input, 6V LBl 

DS8877 

6 Digit LED Dr 

P 


10 

14 



MOS 

DS75492 Pin-Out 

DS8879 

9 Digit LED Dr 

F 

50 

10 

14 

• 


MOS 

Serial Input, 4.5V LBl 

DS8892 

6 Digit LED Dr 

P 

250 

10 

16 


• 

, MOS 

Programmable 




Max 







DS8920 

9 Digit LED Dr ■ 

F 

40 

10 

20 


■ • 

MOS 


DS8962 

6 Digit LED Dr 

P 

250 

10 

18 




DS75492 Pin-Out 

DS8963 

8 Digit LED Dr 

P 

500 


18 





DS8972 

7 Digit LED Dr 

F 

100 


18 


• 

MOS 

9V LBl 

DS8973 

9 Digit LED Dr 

F 

100 


22 


• 

MOS 

4.5V LBl 

DS8974 

9 Digit LED Dr 

F 

100 


22 


• 

MOS 

^ 6V LBl ; 

DS8975 

9 Digit LED Dr 

F 

100 


22 


• 

MOS 


DS8976 

9 Digit LED Dr * 

F 

100 


22 


• 

MOS 

9V LBl 

DS8977 

7 Digit LED Dr 

P 

40 


18 


• 

MOS 

9V LBl 

DS75492 

6 Digit LED Dr 

P 

250 


14 


• 

MOS 


DS 75494 

6 Digit LED Dr 

P 

180 


16 


• 

MOS 



SEGMENT DRIVERS 


DM7446A 

BCD to 7 Seg. 
Decoder/Driver 

P 

40 

30 

16 


• 

ttl 


DM7447A 

BCD to 7 Seg. 
Decoder/Driver 

P. 

40 

15 

16 


• 

ttl 


DM7448 

BCD to 7 Seg. 
Decoder/Driver 

P = 

-2 

N/A 

16 



TTL 

Requires External Transistor 

DS8647 

9 Seg. LED Watch Dr 

F 

-10 

-A 

Dice 



MOS 

For CMOS Watch Ckts 

DS8648 

9 Seg. LED Watch Dr 

F 

-10 

-A 

Dice 



MOS 

For CMOS Watch Ckts 

DS8649 

8 Seg. LED Watch Dr 

F 

-10 

-4 

Dice 



MOS 

For CMOS Watch Ckts 

DS8651 

7 Seg. LED Watch Dr 

P 

-6.5 

-4 

Dice 


• 

MOS : 

For CMOS Watch Ckts 

DS8659 

7 Seg. LED Watch Dr 

P 

-10 

-4 

Dice 


• 

MOS 

For CMOS Watch Ckts 

DS8672 

BCD to 7 Seg. LED 
Decoder/ Latch/Dr 

F 

20 

5 

16 

• 


TTL 

Decodes 0-9, A, E, H, L, P 

DS8673 

BCD to 7 Seg. LED 
Decoder/Latch/Dr 

F 

15 

5.5 

16 

• 


ttl 

Alpha-Numeric Output 

DS8674 

BCD to 7 Seg. LED 
Decoder/Latch/Dr 

F 

15 

5.5 

16 

• 


TTL 

Decodes 0-9, -, E, H, L, P 

DS8675 

BCD to 7 Seg. LED 

F 

40 

5.5 

16 

• 


TTL 

Alpha-Numeric Output, IquT 


Decoder/ Latch/Dr 


Max 






Externally Set 

DS8676 

BCD to 7 Seg. LED 

F 

25 . 

5.5 

16 

• 


TTL 

Alpha-Numeric Output, IqUT 


Decoder/Latch/Dr 


Max 






, Programmable 

DS8856 

BCD to 7 Seg. LED Dr 

p 

-6 

5.5 

16 

• 


TTL 

Requires External Transistor 

DS8857 

BCD to 7 Seg. LED Dr 

P 

-50 

5.5 

16 

• 


TTL 

‘out Internally Set 

DS8858 

BCD to 7 Seg. LED Dr 

P 

-50 

5.5 

16 

• 


TTL 

‘out Externally Set 

DS8861 

5 Seg. LED Dr 

P 

±50 

10 

18 



MOS 

* Inverting with Emitter Grounded 

DS8867 

8 Seg. LED Dr 

P 

-14 

8 

18 



MOS 

Preset IqUT 

DS8895 

4 Seg. LED Dr 

P 

-14 

10 

16 



MOS 

•out Internally Set 

DS8910 

1 Decade Counter/ Latch 
7 Seg. Decoder/ Driver 

f' 

15 

5.5 

16 

• 


TTL 


DS8960 

4 Seg. LED Dr 

F 

±50 

18 

14 


■ "* ■ 

MOS 

* Inverting with Emitter Grounded 

DS8961 

5 Seg. LED Dr 

F 

±50 

18 

18 


* 

. MOS 

* Inverting with Emitter Grounded 

DS75491 

4 Seg. LED Dr 

P 

±50 

10 

14 


♦ 

MOS 

•Inverting with Emitter Grounded 

DS75493 

4 Seg. LED Dr 

P 

-30 

10 

16 



MOS 

‘out Set by External Res. 


Note 1: Positive current is going into device. 


X 
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Opto-Coupler Cross Reference Guide 


DEVICE 

TYPE 

NATIONAL 

NUMBER 

COMMENTS 

Fairchild 



FCD810 

NCT200 

Direct Replacement 

FCD811 

4N25 

Direct Replacement 

FCD820 

NCT200 

Direct Replacement 

Monsanto 



MCT2 

NCT200 

Direct Replacement 

MCT2E 

4N25 

Direct Replacement 

MCT26 

NCT260 

Direct Replacement 

Litronics 



IL1 

4N25 

Direct Replacement 

IL5 

4N25 

Selection Required For 50% C.T.R. 

IL12 

NCT260 

Direct Replacement 

IL15 

NCT260 

Direct Replacement 

IL16 

NCT260 

Selection Required For Maximum 14% C.T.R. 

1L74 ' 

NCT200 

Direct Replacement 

IL100 

DS3661 

Direct Replacement 

Texas Instrument 



TIL-111 

NCT200 

Direct Replacement 

TIL-112 

NCT260 

Direct Replacement 

TIL-114 

4N25 

Direct Replacement 

TIL-117 

4N25 

Selection Required For 50% C.T.R. 

Tl L-118 

NCT260 

Direct Replacement 

General Electric 



H11A1 

4N25 

Selection Required For 50% C.T.R. 

H11A2 

NCT200 

Direct Replacement 

H11A3 

4N25 

Direct Replacement 

H^1A4 

NCT200 

Direct Replacement 

H11A5 

NCT260 

Direct Replacement 

Clairex 



CL1-2 

NCT200 

Selection Required For Minimum 30% And 
Maximum 100% C.T.R. 

CL1-3 

NCT200 

Selection Required For Minimum 100% And 
Maximum 200% C.T.R. 

CL1-5 

NCT200 

Direct Replacement 

CL1-20 

NCT200 

Selection Required For Maximum 100% C.T.R. 

Optron 



OP1022 

NCT260 

Direct Replacement 

OP 1032 

NCT200 

Selection Required For Minimum 100% C.T.R. 

OP 1062 

NCT200 

Selection Required For Minimum 25% C.T.R. 

OP 1064 

JEDEC Registered 
Opto-Couplers 

NCT200 

Selection Required For Minimum 25% C.T.R. 

4N25 

4N25 

Direct Replacement 

4N26 

4N26 

Direct Replacement 

4N27 

4N27 

Direct Replacement 

4N28 

4N28 

Direct Replacement 

4N35 

NCT200 

Selection Required For 3.5 kV Isolation And 
Minimum 100% C.T.R. 

4N36 

NCT200 

Selection Required For 2.5 kV Isolation And 
Minimum 100% C.T.R. 

4N37 

NCT200 

Selection Required For Minimum 100% C.T.R. 

Motorola 



MOC1001 

4N25 

Direct Replacement 

MOC1000 

4N26 

Direct Replacement 

MOC1002 

4N27 

Direct Replacement 

MOC1003 
Hewlett Packard 

4N28 

Direct Replacement 

HP 4360 

DS3660 ' 

Direct Replacement 


Opto-Coupler Cross Reference Guide 






DS1611/DS3611, DS1612/DS3612, DS1613/DS3613, 
DS1614/DS3614 dual peripheral drivers 


general description 

The DS1611 series of dual peripheral drivers was de- 
signed for those applications where a higher breakdown 
voltage Is required than that provided by the DS75451 
series. The pin outs for the circuits are identical to those 
of the DS75451 through DS75454. The DS1611 series 
parts feature high voltage outputs (80V breakdown in 
the "OFF" state) as well as high current (300 mA in 
the "ON" state). Typical applications include power 
drivers, relay drivers, lamp drivers, MOS drivers, and 
memory drivers. 


features 

■ 300 mA output current capability per driver 

■ High voltage outputs (80V) 

■ TTL or DTL compatible 

■ Input clamping diodes 

■ Choice of logic function 


connection diagrams (Oual-ln-Une and Metal can Packages) 



Order Number DS361 IN Order Number DS3612N Order Number DS3613N Order Number DS3614N 




Order Number 
DS1611H or DS3611H 


Order Number 
DS1612H or DS3612H 


Order Number 
DS1613H or DS3613H 


Order Number 
DS1614H or DS3614H 


DS1611/DS3611 Series 


DS1611/DS3611 Series 


absolute maximum ratings 

(Note 1) ’ 

operating conditions 






MIN 

MAX 

UNITS 

Supply Voltage, Vqq 

7.0V 

Supply Voltage (Vqq) 




Input Voltage 

5.5V 

DS161X 

4.5 

5.5 

; V 

Output Voltage (Note 5) 

80V 

DS361X 

4.75 

5.25 

V 

Continuous Output Current 

300 mA 

Temperature (Ta) 




Continuous Total Power Dissipation (Note 4) 

800 mW 

DS161X 

-55 

+125 

°c 

Storage Temperature Range -65 C to -M50 C, 

DS361X 

0 

+70 

°c 

Lead Temperature (Soldering, 10 seconds) 

300 C 






electricai characteristics 

DS1611/DS3611, DS1612/DS3612, DS1613/DS3613, DS1614/DS3614 (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H High Level Input Voltage 

(Figure 1) 

2 



V 

V||_ Low Level Input Voltage 

(Figure 2) 



0.8 

V 

V| Input Clamp Voltage 

Vcc “ Min, (Figure 3} - 


-1.2 ; 

-1.5 

V 

Vql Low Level Output Voltage 

Vqc “ M\n,(Figvre 1) 

DS1611, V,l=0.8V 

Iql " 100 mA 


0.2 

0.5 

V 

Iqi_ “ 300 mA 


0.45 ' 

0.8 

V 

DS1612, V,h=2V 

Iql = 100 mA 


0.2 

0.5 

V 

Iql ~ 300 mA 


0.45 

0.8 

V 

DS1613, V,l=0.8V 

Iql “ 100 mA 


0.2 

0.5 

V 

Iql. = 300 mA 


0.45 

0.8 

V 

DS1614, V,h=2V 

Iql = 100 mA 


0.2 

0.5 

V 

Iql “ 300 mA 


0.45 

0.8 

V 

DS3611, V,l=0.8V 

Iql ~ 100 mA 


0.2 

0.4 

V 

Iql 300 mA 


0.45 

0.7 

V 

DS3612, V,h=2V 

1 o L ~ 1 00 m A 


0.2 

0.4 

V 

Iql ~ 300 mA 


0.45 

0.7 

V 

DS3613, V,l=0.8V 

Iql “ 100 mA 


0.2 

0.4 

V 

Iql ~ 300 mA 


0.45 

0.7 

V 

DS3614, Vih=2V 

Iql = 100 mA 


0.2 

0.4 


Iql^“ 300 ftiA 


0.45 

0.7 

V 

Vqh Output Breakdown Voltage 

Vcc = (Figure 1} 

V,H - 2V, 

Iqh “ 300 juA 

DS1611, 

DS1613 

80 



V 

V,H = 2V, , 
Iqh ~ ^00 At A 

DS3611, 

DS3613 

80 



V 

V|l = 0.8V, 
Iqh = 300 //A 

DS1612, 

DS1614 

80 



V 

V,L =0.8V, 
Iqh ~ 100 ixfK 

DS3612, 

DS3614 

80 



V 

li input Current at Maximum 

Input Voltage 

Vcc = Max, V, = 5.5V, (Figure 2) 



1 

mA 

l,n High Level Input Current 

Vcc = Max, V, = 2.4V, 2/ , 



40 

ma 

liL Low Level Input Current 

Vcc = Max, V, = 0.4V, (Figure 3) 


-1 

-1.6 

mA 

IccH Supply Current 

Vcc = Max, Outputs 
. High, (Figures 4 and 5) 

V, = 5V . 

DS1.611/ 

DS3611 



11 

mA 

DS1613/ 

DS3613 



14 

mA 

V, = OV 

DS1612/ 

DS3612 



14 

mA 

DS1614/ 

DS3614 


1 

. i 

y 

mA 

IccL Supply Current 

Vcc ~ Max, Outputs 
Low, (Figures 4 and 5) 

, 

V, =ov 

DS1611/ 

DS3611 


' 

69 

mA 

DS1613/ 

DS3613 



73 

mA 

' 

V, = 5V 

DS1612/ 

DS3612 



71 

mA 

DS1614/ 

DS3614 



79 

mA 
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switching characteristics Vcc = b.ov, = 25 °c 

DS1611/DS3611, DS1612/DS3612, DS1613/DS3613, DS1614/DS3614 


PARAMETER 

1 CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpDi Propagation Delay Time, 

Low-To-High Level Output 

lo«= 200mA, Cl = 15pF, Rl=5012, 
(Figure 6) 

DS1611/ 
DS361 1 


130 


ns 

DS1612/ 

DS3612 


no 


ns 

DS1613/ 

DS3613 


125 


ns 

■ DS1614/ 

DS3614 


220 


ns 

tpDO Propagation Delay Time, 

High-To-Low Level Output 

Iq^ 200 mA, Cl = 15pF, R,_ = 50^2, 
(Figure 6} 

DS1611/ 

DS3611 


125 


ns 

DS1612/ 

DS3612 


110 


ns 

DS1613/ 

DS3613 


125 


ns 

DS1614/ 

DS3614 


150 


ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range for the DS361 1 , DS3612, DS3613, DS3614, 
and -55°C to +125°C temperature range for the DS1611 , DS1612, DS1613 and DS1614. All typical values are for T^ = 25°C and Vqq = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Maximum junction temperature is 150°C. For operating at elevated temperatures, the package must be derated based on a thermal resis- 
tance, 0j/\, of 1 10°C/W. 

Note 5: Maximum voltage to be applied to either output in the "OFF" state. 

Note 6: Delay is measured with a 50^2 load to 10V, 15 pF load capacitance, measured from 1.5V input to 50% point on output. 
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DS1611/DS3611 Series 




DS1611/DS36TI Series 








schematic diagrams (con't) 

DS3614 Dual NOR Peripheral Driver 



test circuits 


Vcc 



CIRCUIT 

INPUT 

UNDER 

TEST 

OTHER 

INPUT 

OUTPUT 

APPLY 

MEASURE 

DS3611 

V,H 

V|H 

Iqh 

Vqh 


V,L 

Vcc 


VoL 

DS3612 

V,H 

V,H 


VoL 


V,L 

Vcc 

Iqh 

VOH 

DS3613 

V,H 

GND 

*OH 

Vqh 


VlL 

V|L 

*OL 

VoL 

DS3614 

V|H 

GND ' 

loL 

VoL 


V,L 

V|L 

Iqh 

VoH 


NOTE: Each input is tested separately. 


FIGURE 1. V|H, ViL, Vqh. Vql 


r 


CIRCUIT 

UNDER 

TEST 


I 

Each input is tested separately. 



Note 1: Each input is tested separately. 


Note 2: When testing DS3613 and DS3614 input not under test is grounded. For all 
other circuit it is at 4.5V. 


FIGURE 2. I|,I|H 



FIGURE 3. Vj,l|L 


Vcc OPEN 

•cCH I I I IcCL 


Hll 

' fetl 

Both gates are tested simultaneously. 


FIGURE 4. IcCH' ICCL AND, NAND Circuits FIGURE 5. IcCH' *CCL ®R, NOR Circuits 
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DS1611/DS3611 Series 
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Peripheral/ Power Drivers 


NATIONAL 

DS1631/DS3631, DS1632/DS3632, DS1633/DS3633, DS1634/DS3634 
CMOS dual peripheral drivers 

general description 

The DS1631 series of dual peripheral drivers was 
designed to be a universal set of interface components 
for CMOS circuits. 

Each circuit has CMOS compatible inputs with thresholds 
thattrack as a function of Vcc (approximately 1/2 Vcc)- 
The inputs are PNPs providing the high impedance 
necessary for interfacing with CMOS. 

Outputs have high voltage capability, minimum break- 
down voltage is 56V at 250juA. 

The outputs are Darlington connected transistors. This 
allows high current operation (300 mA max) at low 
internal Vqq current levels since base drive for the 
output transistor is obtained from the load in propor- 
tion to the required loading conditions. This is essential 
in order to minimize loading on the CMOS logic supply. 

Typical V^c = 5V power is 28 mW with both outputs 
ON. Vcc operating range is 4.5V to 15V. 

The circuit also features output transistor protection if 
the Vcc supply is lost by forcing the output into the 

schematic diagram (Equivalent Circuit) 



GND 
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high impedance OFF state with the same breakdown 
levels as when Vcc was applied. 

Pin-outs are the same as the respective logic functions 
found in the following popular series of circuits: 
DS7545T, DS75461, DS3611. This feature allows direct 
conversion of present systems to the DM74C CMOS 
family and DS1631 series circuits with great power 
savings. 

The DS1631 series is also TTL/DTL compatible at 
Vcc = 5V. 

features 

■ CMOS compatible inputs 

■ TTL/DTL compatible inputs 

■ High impedance inputs PNP's 

■ High output voltage breakdown 56V min 

■ High output current capability 300 mA max 

■ Same pin-outs and logic functions as DS75451, 
DS75461 and DS3611 series circuits 

■ Low Vcc power dissipation (28 mW both outputs 
"ON" at 5V) 



SEE CONNECTION DIAGRAMS FOR ORDERING INFORMATION 


DS1631/DS3631 Series 



DS1631/DS3631 Series 


absolute maximum ratings (Note 1) operating conditions ' 

MIN MAX UNITS 

Supply Voltage 16V Supply Voltage, Vqc 

Voltage at Inputs -0.3V to Vcc +0.3V DS1631/DS1632/ 4.5 15 V 

Output Voltage “ 56V DS1633/DS1634 

Storage Temperature Range ' -6B”C to +150”C DS3631/DS3632/ 4.75 15 V 

Lead Temperature (Solidering, 10 seconds) 300°C " DS3633/DS3634 

Temperature, Ta 

DS1631/DS1632/ -55 -K125 °C 

DS1633/DS1634 

DS3631/DS3632/ 0 -1-70 °C 

DS3633/DS3634 

electrical characteristics (Notes 2 and 3 ) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

All Circuits 

V|H Logical ”1" Input Voltage 

(Figure 1) 

Vcc = 5V 

3.5 

2.6 


V 

Vcc = 10V 

8.0 

5 


V 

Vcc = 15V 

12.5 

7.5 


V 

V|L Logical "0" Input Voltage 

(Figure 1) 

Vcc = 5V 


2.5 

1.5 

V 

Vcc = 10V 


5.5 

2.0 

V 

Vcc = 15V 


7.5 

2.5 

V 

I|H Logical ”1" Input Current 

Vcc = 15V, V,N = 15V, (Figure 2} 


0.1 


fJifK 

liL Logical "0” Input Current 

V,N = 0.4V, (Figure 3) 

Vcc = 5V 


-50 


(xA 

Vcc = 15V 


-200 


gA 

Vqh Output Breakdown Voltage 

Vcc = 15V, Iqh = 250iuA, (Figure 1) 

56 

65 


V 

Vql Output Low Voltage 

Vcc ~ (Figure 1) 

Iql = 100 mA 


0.9 


V 

Iql ~ 300 mA 


1.1 


V 



DS1631/DS3631 

lcc(O) Supply Currents 

V,N = OV, (Figure 4) 

Vcc = 5V 

Output Low 
Both Drivers 


7 


mA 

Vcc = 15V 


14 


mA 

•ccd) 

(Figure 4) 

Vcc = 5V,V,n =5V 

Output High 
Both Drivers 


2 


mA 

Vcc = 15V,V,n = 15V 


7.5 


mA 

tpdi Propagation to "1" 

Vcc = 5.0V, Ta = 25°C, Cl = 15pF, Rl = 50f2, Vl = 10V, 
(Figure 5) 


200 


ns 

tpdo Propagation to "0" 

Vcc = 5.0V, Ta 25°C, Cl = 15 pF, Rl = 50f2, Vl = 10V, 
(Figure 5) 

■ 

150 

■ 

ns 

DS1632/DS3632 

lcc(O) Supply Currents 

(Figure 4) 


Output Low 


8 


mA 

Vcc=^15V,V,n = 15V 


18 


mA 

Iccd) 

V,N (Figure 4) 

Vcc = 5V 

Output High 


2.5 


mA 

Vcc = 15V 


9 


mA 

tpdi Propagation to "1” 

Vcc = 5.0V, Ta = 25°C, Cl = 15 pF, Rl = 50n, Vl = 10V, 
(Figure 5) 

■ 

150 


ns 

tpdo Propagation to ”0" 

Vcc = 5.0V, Ta * 25°C, Cl = 15 pF, Rl = 50fi, Vl = 10V, 
(Figure 5) 

■ 

150 


ns 

DS1633/DS3633 

lcc(O) Supply Currents 


Vcc = 5V 

Output Low 


7.5 


mA 

Vcc = 15V 


16 


mA 

•ccd) 

BOHI 

Vcc = 5V, V,m=5V 

Output High 


2 


mA 

Vcc-15V,V,n = 15V 


7.2 


mA 

tpdi Propagation to "1" 

Vcc = 5.0V, Ta = 25°C, Cl = 15 pF, Rl = 50H, Vl = 10V, 
(Figure 5) 


200 


ns 

tpdo Propagation to “0" 

Vcc = 5.0V, Ta = 25°C, Cl = 15 pF, Rl = 5012, Vl = 10V, 
(Figure 5) 


150 


ns 
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electrical characteristics (con't) 


PARAMETER 


DS1634/DS3634 



CONDITIONS 


tpdo Propagation to "O” 


(Figure 4) 


V|N = OV, (Figure 4) 


Vcc = 5V, V,N - 5V 


Vcc = 15V.V,n=15V 


Vcc = 5V 


Vcc = 15V 


Output Low 


Output High 


Vcc = 5.0V, Ta = 25° C, Cl = 15 pF, Rl = 500, Vl = 10V, 
(Figure 5) 


Vcc = 5.0V, Ta = 25°C, Cl = 15 pF, Rl = 500, Vl = 10V, 
(Figure 5) 



Note1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DS1631, DS1632, DS1633and 
DS1634 and across the 0°C to +70°C range for the DS3631, DS3632, DS3633 and DS3634. All typical values are for T/\ = 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


test circuits 




CIRCUIT 

INPUT 

OTHER 

OUTPUT 

TEST 

INPUT 

APPLY 

MEASURE 

LM3611 

V,H 

V|H 

•oh 

VoH 


V,L 

Vcc 

•OL 

VoL 

LM3612 

V,H 

V,H 

•OL 

Vql 


V,L 

Vcc 

•oh 

VoH 

LM3613 

V,H 

GND 

• oh 

Vqh 


V.L 

V,L 

•oL 

Vql 

LM3614 

V,H 

GND 

•oL 

VoL 


V,L 

V,L 

•oh 

VoH 


Note: Each input is tested separately. 

FIGURE 1. V|h,V|l,Voh,Vol 


CIRCUIT I Y 
UNDER |-~ OPEN 
B,A TEST 


Each input is tested separately. 

FIGURE 2. I|H 
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DS1631/DS3631 Series 








connection diagrams, truth tables and ordering 


DS1631 

Metal Can Package 

Vcc 



(Pin 4 is electrically connected to the case.) 

Order Number DS1631H/DS3631H 


information 


DS1632 

Metal Can Package 



GND 

TOP VIEW 

(Pin 4 is electrically connected to the case.) 


Order Number DS1632H/DS3632H 


Dual-1 n-Line Package 


Dual-In-Line Package 






DS1631/DS3631 Series 








Peripheral/Power Drivers 


NATIONAL 

DS1686/DS3686 positive voltage relay driver 
general description 


The DS1686/DS3686 is a high voltage/current positive 
voltage relay driver having many features not available 
In present relay drivers. 

PNP inputs provide both TTL/DTL compatibility and 
high input impedance for low input loading. 

Output leakage is specified over temperature at an out- 
put voltage of 54V. Minimum output breakdown (ac/ 
latch breakdown) is specified over temperature at 5 mA. 
This clearly defines the actual breakdown of the device 
since the circuit has incorporated in it an internal 
reference which does not allow output breakdown 
latching found in existing relay drivers. Additionally, 
this internal reference circuit feature will eliminate the 
need in most cases of an external clamping (inductive 
transient voltage protection) diode. When the output is 
turned "OFF" by input logic conditions the resulting 
inductive voltage transient seen at the output is detected 
by an internal zener reference. The reference then 
momentarily activates the output transistor long enough 
so that the relay energy Is discharged. This feature 
eliminates the need of external circuit protection com- 
ponents and insures output transistor protection. 

The outputs are Darlington connected transistors, which 
allow high current operation at low internal V^c 


current levels— base drive for the output transistor is 
obtained from the load in proportion to the required 
loading conditions. Typical Vcc power with both 
outputs ON is 90 mW. 

The circuit also features output transistor protection if 
the Vcc supply is lost by forcing the output into the 
high impedance OFF state with the same breakdown 
levels as when Vcc was applied. 


features 

■ TTL/DTL/CMOS compatible inputs 

■ High impedance inputs (PNP's) 

■ High output voltage breakdown (65V typ) 

■ High output current capability (300 mA max) 

■ Internal protection circuit eliminates need for output 
protection diode in most applications 

■ Output breakdown protection if Vcc supply is lost 

■ Low Vcc power dissipation (90 mW (typ) both 
outputs "ON") 

■ Voltage and current levels compatible for use in 
telephone relay applications 


connection diagrams 

Metal Can Package Dual-1 n-Line Package Dual-1 n-Line Package 


D9 A9 VO W— D7 wr wr wr A9 



Order Number DS1686H or DS3686H Order Number DS3686N Order Number DS1686J or DS3686J 

schematic diagram truth table 




DS1686/DS3686 




DS1686/DS3686 


absolute maximum ratings (Note i) 


Supply Voltage 7V 

Input Voltage 15V 

Output Voltage 56V 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


operating conditions 




MIN 

MAX 

UNITS 

Supply Voltage, V^c 

DS1686 

4.5 

5.5 

V 

DS3686 

4.75 

5.25 

V 

Temperature, T^ 
DS1686 

-55 

+125 

°c 

DS3686 

0 

+70 - 

°c 


electrical , characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H Logical “1" Input Voltage 


2.0 



. V 

liH Logical “1" Input Current 

Vcc = Max, V,N = 5.5V 


1 


juA 

V|L Logical “0" Input Voltage 




0.8 

V 

liL Logical “0" Input Current 

Vcc = Max, V,N = 0.4V 


-150 


pA 

VcD Input Clamp Vohage 

Vcc ~ 5V, IcLAMP “ “12 mA, T^ = 25 C 


-1.0 


V 

Vqh Output Breakdown 

V(^Q — Max, V||\j = OV, louT ~ ^ mA 


65 


V 

Iqh Output Leakage 

Vcc = Max, V,N = OV, Vqut = 54V 


2 


juA 

Vql Output “ON" Voltage 

Vcc = Min, V,N =2V 

Iqut ~ 1 00 mA 


0.9 


V 

'Iqut ~ 3Q0 mA 


1.1 


V 

•cc(i) Supply Current (Both Drivers) 

Vcc Max, V,|vj = OV, Outputs Open 


2.0 


mA 

•cc( 0 ) Sypply Curtent (Both Drivers) 

Vcc = Max, V|n= 3V, Outputs Open 


18.0 


mA 

tpdo Propagation Delay to a Logical “0" 

(Output Turn “ON") 

Cl = 15 pF, Vl = 10V, Rl = 501^, 
Ta-25°C, Vcc = 5.0V 




ns 

tpdi Propagation Delay to a Logical “1" 

(Output Turn “OFF") 

Cl = 15 pF, Vl = 10V, Rl == 50S2, 
Ta = 25°C, Vcc = 5.0V 


500 


ns 


Notel: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1686 and across the 0°C to 
+70°C range for the DS3686. All typicals are given for Vqq = 5.0V and T/\ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


ac test circuit and switching time waveforms 


Vcc = 5V Vl=+10V 



Note 1 ; The pulse generator has the following characteristics: 
PRR = 1 WlHz, 50% duty cycle, Zqut s 50n, t, = tf < 10 ns. 
Note 2: includes prohe and jig capacitance. 
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Peripheral/Power Drivers 


NATIONAL 

DS1687/DS3687 negative voltage relay driver 
general description 


The DS1687/DS3687 is a high voltage/current negative 
voltage relay driver having many features not available 
in present relay drivers. 

PNP inputs provide both TTL/DTL compatibility and 
high input impedance for low input loading. 

Output leakage is specified over temperature at an out- 
put voltage of -54V. Minimum output breakdown (ac/ 
latch breakdown) i^ specified over temperature at -5 m A. 
This clearly defines the actual breakdown of the device 
since the circuit has incorporated in it an internal 
reference which does not allow output breakdown 
latching found in existing relay drivers. Additionally, 
this internal reference circuit feature will eliminate the 
need in most cases of an external clamping (inductive 
transient voltage protection) diode. When the output is 
turned "OFF” by input logic conditions the resulting 
Inductive voltage transient seen at the output Is detected 
by an internal zener reference. The reference then 
momentarily activates the output transistor long enough 
so that the relay energy is discharged. This feature 
eliminates the need of external circuit protection com- 
ponents and insures output transistor protection. 

The outputs are Darlington connected transistors, which 


allow high current operation at low internal Vcc 
current levels— base drive for the output transistor is 
obtained from the load in proportion to the required 
loading conditions. Typical \/qc power with both 
outputs ON is 90 mW. 

The circuit also features output transistor protection If 
the Vcc supply Is lost by forcing the output into the 
high Impedance OFF state with the same breakdown 
levels as when Vcc was applied. 

features 

■ TTL/DTL/CMOS compatible inputs 

■ High impedance Inputs (PNP's) 

■ High output voltage breakdown (-65V typ) 

■ High output current capability (300 mA max) 

■ Internal protection circuit eliminates need for output 
protection diode In most applications 

■ Output breakdown protection if Vcc supply is lost 

■ Low Vcc power dissipation (90 mW (typ) both 
outputs "ON") 

■ Voltage and current levels compatible for use in 
telephone relay applications 


1 


connection diagrams 

Metal Can Package 


Oual-ln-Line Package 



GND 
TOP VIEW 

Pin 4 is in electrical contact with the case 

Order Number DS1687H 
or DS3687H 

schematic diagram 



TOP VIEW 

Order Number DS3687N 




Dual-1 n-Line Package 



Order Number DS1687J 
or D&3687J 


truth table 


Positive logic: AB = X 


A 

B 

OUTPUT X 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 


Logic "O" output "ON” 
Logic "1” output "OFF" 


DS1687/DS3687 





DS1687/DS3687 


absolute maximum ratings (Note 1) 

Supply Voltage 7V 

Input Voltage 15V 

Output Voltage -56V 

Storage Temperature Range -65° C to + 1 50° C 

Lead Temperature (Soldering, 10 seconds) 300°C 


operating conditions 



MlN 

MAX 

UNITS 

Supply Voltage, Vqq 

DS1687 

4.5 

5.5 

V 

DS3687 

4.75 

5.25 

V 

Temperature, T/\ 

DS1687 

-55 

+125 

°c 

DS3687 

0 

+70 

°c 


electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H Logical "1" Input Voltage 


2.0 



V 

liH Logical "1" Input Current 

Vcc = Max, V|N = 5.5V 


1.0 


juA 

V||_ Logical "0" Input Voltage 




0.8 

V 

liL Logical "0" Input Current 

Vcc = Max, V^iM = 0.4V 


-150 


AtA 

VcD Input Clamp Voltage 

Vcc ~ ^V, 1 clamp ~1 2 mA, T^ =25 C 


-1.0 


V 

Vqh Output Breakdown 

Vcc ~ Max, V||vj — OV, Iqut ~ ^ mA 


-65 


V 

Iqh Output Leakage 

Vcc = Max, V,N - OV, Vqut = ~54V 


-2 


/jA 

Vql Output "ON" Voltage 

Vcc = Min, V|N = 2V 

Iqut “ 1 dd rnA 


-0^9 


V 

Iqut =. 300 mA 


-1.1 


V 

lcc(i) Supply Current (Both Drivers) 

Vcc = Max, V,|nj ,=5=0V, Outputs Open 


2.0 


mA 

lcc(O) Supply Current (Both Drivers) 

Vcc = Max, V,|vj = 3V, Outputs Open 


18.0 


mA 

tpd(ON) Propagation Delay to a Logical "0" 

(Output Turn "ON") 

Cl = 15 pF, Vl = -10V, Rl = 50a 
Ta = 25° C, Vcc = 5.0V 


100 


ns 

tpd(OFF) Propagation Delay to a Logical "1 " 

(Output Turn "OFF") 

Cl = 15 pF, Vl = -10V, Rl = 50f2, 
Ta = 25° C, Vcc = 5.0V 


500 

i 

ns 


Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation^ 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125° C temperature range for the DS1687 and across the 0°C to 
+70°C range for the DS3687. All typicals are given for Vqq = 5.0V and T/\ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


ac test circuit and switching time waveforms 


Vcc = 5V Vl=-10V 



Note 1 : The pulse generator has the following characteristics: 
PRR = 1 MHz, 50% duty cycle, Zqut s 50.Q, t, = t, < 10 ns. 
Note 2: Ci, includes probe and jig capacitance. 
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NATIONAL 


Peripheral/Power Drivers 


DS55450/DS75450 series dual peripheral drivers 


general description 

The DS55450/DS75450 series of dual peripheral drivers 
are a family of versatile devices designed for use in 
systems that use TTL or DTL logic. Typical applications 
include high speed logic buffers, power drivers, relay 
drivers, lamp drivers, MOS drivers, bus drivers and 
memory drivers. 

The DS55450/DS75450 series are unique general purpose 
devices each featuring two standard Series 54/74 TTL 
gates and two uncommitted, high current, high voltage 
NPN transistors. These devices offer the system designer 
the flexibility of tailoring the circuit to the application. 

The DS55451/DS75451, DS55452/DS75452, DS55453/ 
DS75453 and DS55454/DS75454 are dual peripheral 


AND, NAND, OR and NOR drivers, respectively, (posi- 
tive logic) with the output of the logic gates internally 
connected to the bases of the NPN output transistors. 

features 

■ 300 mA output current capability 

■ High voltage outputs 

■ No output latch-up at 20V 

■ High speed switching 

■ Choice of logic function 

■ TTL or DTL compatible diode-clamped inputs 

■ Standard supply voltages 

■ Replaces T1 "A" and "B" series 


connection diagrams (Dual-In- Line and Metal Can Packages) 

Vcc A2 Y2 B2 C2 E2 SUB 



DS55450J, DS75450J, or DS75450N 






B2 A2 

1 ’ ‘ 

Y2 

_ 5 

) 


▲ 

H • 

4 


A1 B1 Y1 GND 
TOP VIEW 

Order Number DS75454N 



DS55451H or DS75451H DS55452H or DS75452H 


DS55453H or DS75453H 


DS55454H or DS75454H 
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DS55450/DS75450 Series 



DS55450/DS75450 Series 


absolute maximum ratings (Note i) 

Supply Voltage, (Vqc) (Note 2) 7.0V 

Input Voltage 5.5V 

Inter-emitter Voltage (Note 3) 5.5V 

VcC’^O’Substrate Voltage 

DS55450/DS75450 35V 

Collectorrto-Substrate Voltage 

DS55450/DS75450 35V 

Collector-Base Voltage 

DS55450/DS75450 35V 

Collector-Emitter Voltage (Note 4) 

085^50/0875450 30V 

Emitter-Base Voltage 

0855450/0875450 5.0V 

Output Voltage (Note 5) 

0855451/0875451,0855452/0875452, 30V 

0855453/0875453, 0855454/0875454 
Collector Current (Note 6) 

0855450/0875450 300 mA 

Output Current (Note 6) 

0855451 /OS75451 , 0855452/0875452, 300 mA 

0855453/0875453, 0855454/0875454 
Continuous Total Oissipation ' 800 mW 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 1 0 seconds) 260°C 

operating conditions (Note?) % 

MIN MAX , UNITS 

Supply Voltage ,(V qc) 

DS5545X 4.5 5.5 V 

DS7545X 4.75 5.25 V 

Temperature, iTj\) 

DS5545X -55 +128 °C 

DS7545X 0 +70 , °C 

dc electrical characteristics DS55450/DS75450 (Notes 8 and 9) 





1 PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

1 TTL GATES | 

V|n High Level Input Voltage 

(Figure 1) 

2 



V 

V|L Low Level Input Voltage 

(Figure 2) 



0.8 

V 

V| Input Clamp Voltage 

Vcc ~ Min, l| = -12 mA, (Figure 3) 



-1.5 

V 

Vqh Level Output Voltage 

Vcc = Min, V,L = 0.8V, Iqh = “400iuA, (Figure 2) 

2.4 

3.3 


V 

Vql Low Level Output Voltage 

Vcc = Min, V,H = 2V, 

Iql ~ mA 

DS55450 


0.22 

0.5 

V i 


(Figure 1) 



DS75450 


0.22 

0.4 

V 

ii Input Current at Maximum Input 

Vcc = Max, V, = 5.5V, (Figure 4} 

Input A 



1 

mA 

Voltage 




Input G 



2 

mA 

liH High Level Input Current 

Vcc = Max, V| = 2.4V, 

(Figure 4) 

Input A 



40 

ma 





Input G 



80 

MA 

lii_ Low Level Input Current 

Vcc = Max, V| = 0.4V, 

(Figure 3) 

Input A 



-1.6 

mA 





Input G 



-3.2 

mA 

Iqs Short Circuit Output Current 

Vcc ~ Max, (Figure 5), 

(Note 10) 


-18 


-55 

mA 

IccH Supply Current 

Vcc Max,. V| = OV, Outputs High, (Figure 6) 


2 

4 

mA 

IcCL Supply Current 

Vcc ~ Max, V| = 5V, Outputs Low, (Figure 6) 


6 

11 

mA 

! OUTPUT TRANSISTORS | 

V(br)cbo Co I lector- Base Breakdown Voltage 

Ic = IOOmA, Ie = 0 

35 



V 

V(br)cer Col lector- Emitter Breakdown 
Voltage 

Ic =: lOOjuA, Rbe = 500J2 

30 



V 

V(br)ebo Emitter-Base Breakdown Voltage 

Ie = IOOmA, Ic =0 

5 



V 

hpE Static Forward Current Transfer 


DS55450, Ta = +25°C 

Ic = 100 mA 

25 



V 

Ratio 


Ic = 3Q0 mA 

30 



V 



DS55450, Ta = ~55°C 

!c = 100 mA 

10 



V 


VcE =3V, (Note 11) 

Ic = 300 mA 

15 



V 


DS75450, Ta = +25°C 

Ic — 1 00 mA 

25 



V 



Ic = 300 mA 

30 



V 



DS75450, Ta = 0°C 

lc = 100 mA 

20 



V 



Ic = 300 mA 

25 



V 

Vbe Base-Emitter Voltage 


DS55450 

Ib = 10 mA, Ic = 100 mA. 


0.85 

1.2 

V 


(Note 11) 

Ig ~ 30 mA, Iq ^ 300 mA 


1.05 

1.4 

V 


DS75450 

Ib = 10 mA, Ic = 100 mA 


0.85 

’ 

V 



Ib = 30 mA, Ic = 300 mA 


1.05 

1.2 

V 

VcE(SAT) Collector-Emitter Saturation 




Ib = 10 mA, Ic = 100 mA 


0.25 

0.5 , 

V 

Voltage 

(Note 11) 



Ib = 30 mA, Ic = 300 mA 


0.5 

0.8 

V 




Ig = 10 mA, Ic = 100 mA 


0.25 

0.4 

V 





Ig “ 30 mA, Iq “ 300 mA 


0.5 

0.7 

V 
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dc electrical characteristics (con't) 

DS55451/DS75451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (Notes 8 and 9} 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H High-Level Input Voltage 

(Figure 7) 

2 



V 

V|L Low-Level Input Voltage 



0.8 

V 

V| Input Clamp Voltage 

Vcc = Min, l| =-12 mA 



-1.5 

V 

Vql Low-Level Output Voltage 

Vcc “ Min, 
(Figure 7) 

V,L = 0.8V 

1 Q L “ 1 00 m A 

DS55451, DS55453 


0.25 

0.5 

V 

DS75451, DS75453 


0.25 

0.4 

V 

1ql_ " 300 mA 

DS55451, DS55453 


0.5 

0.8 

V 

DS75451, DS75453 


0.5 

0.7 

V 

> 

CM 

I 

> 

Iql = 100 niA 

DS55452, DS55454 


0.25 

0.5 

V 

DS75452, DS75454 


0.25 

0.4 

V 

Iql ~ 300 mA 

DS55452, DS55454 


0.5 

0.8 

V 

DS75452, DS75454 


0.5 

0.7 

V 

•oh High-Level Output Current 

Vcc “ Min, 
(Figure 7) 

Vqh = 30 V 

V,H = 2V 

DS55451, DS55453 



300 

ma 

DS75451, DS75453 



100 

ma 

V,L = 0.8V 

DS55452, DS55454 



300 

ma 

DS75452, DS75454 



100 

ma 

1, Input Current at Maximum Input Voltage 

Vcc = Max, V, = 5.5V, (Figure 9) 



1 

mA 

liH High-Level Input Current 

Vcc = Max, V, = 2.4V, (Figure 9) 



40 

ma 

liL Low-Level Input Current 

Vcc = Max, V| = 0.4V, (Figure 8} 


-1 

-1.6 

mA 

IccH Supply Current, Outputs High 

Vcc ~ Max, 
(Figure 10) 

< 

CJ1 

< 

DS55451/DS75451 


7 

11 

mA 

< 

o 

< 

DS55452/DS75452 


11 

14 

mA 

> 

lO 

> 

DS55453/DS75453 


8 

11 

mA 

V, = OV 

DS55454/DS75454 


13 

17 

mA 

•ccL Supply Current, Outputs Low 

Vcc - Max, 
(Figure 10) 

< 

o 

< 

DS55451/DS75451 


52 

65 

mA 

V, =5V 

DS55452/DS75452 


56 

71 

mA 

< 

o 

< 

DS55453/DS75453 


54 

68 

mA 

< 

II 

CJI 

< 

DS55454/DS75454 


61 

79 

mA 


ac switching characteristics 

DS55450/DS75450 (Vcc = 5V, Ta = 25°C) 


PARAMETER 

1 CONDITIONS 1 

MIN 

TYP 

MAX 

UNITS 

tpLH 

Propagation Delay Time, 


Rl = 400n, TTL Gates, (Figure 12) 


12 

22 

ns 


Low-To-High Level Output 

Cl = 15pF 

Rl = 50S7, Ic 200 mA, Gates and Transistors, 
Combined, (Figure 14) 


20 

30 

ns 

tpHL 

Propagation Delay Time, 


Rl = 400S7, TTL Gates, (Figure 12) 


8 

15 

ns 


High-To-Low Level Output 

Cl = 15 pF 

Rl = 50n, Iq ^ 200 mA, Gates and Transistors 
Combined, (Figure 14) 


20 

30 

ns 

■^TUH 

Transition Time, Low-To-High 
Level Output 

Cl = 15 pF, Rl = 50f2, Ic 200 mA, Gates and Transistors Combined, 
(Figure 14) 


7 

'12 

ns 

tjHL 

Transition Time, High-To-Low 
Level Output 

Cl = 15pF, Rl = 50S7, Ic 200 mA, Gates and Transistors Combined, 
(Figure 14) 


9 

15 

ns 

VOH 

High-Level Output Voltage After 
Switching 

Vs = 20V, Ic « 300 mA, Rbe = 500fl, (Figure 15) 

Vs-6.5 



mV 

Id 

Delay Time 

•c = 200 mA, lB(i) = 20mA, Ib=— 40 mA, Vbe(off) ” “ 1 V, 
Cl = 15 pF, Rl = 50^, (Figure 13). (Note 12) 


8 

15 

ns 

tR 

Rise Time 

Ic “ 200 mA, Ib(i) = 20 mA, Is ~ —40 mA, Vbe(off) “ ~ IV, 
Cl = 15 pF, Rl = 50J2, (Figure 13), (Note 12) 


12 

20 

ns 

ts 

Storage Time 

ic “ 200 mA, Ib(i) = 20 mA, Is = —40 mA, Vbs(of f) ~ “ 1 V, 
Cl = 15 pF, R\l = 50J7, (Figure 13). (Note 12) 



15 

ns 

tp 

Fall Time 

Iq — 200 mA, Ib(i) = 20 mA, Ig = —40 mA, Vbs(off) = “IV, 
Cl = 15 pF, Rl = 50J7; (Figure 13), (Note 12) 


6 

15 

ns 
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DS55450/DS75450 Series 


ac switching characteristics (con't) 

DS55451/DS75451, DS55452/DS75452, DS55453/DS75453, DS55454/DS75454 (Vcc = 5V, = 25°C) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH Propagation Delay Time, Low-To-High 

Level Output 

Cl = 15 pF, Rl = 5012, 

Iq ^ 200 mA, (Figure 14) 

DS55451/DS75451 


18 

25 

ns 

DS55452/DS75452 


26 

35 

ns 

DS55453/DS75453 


18 

25 

ns . 

DS55454/DS75454 


27 

35 

ns 

tpHL Propagation Delay Tirhe, High-To-Low 

Level Output 

. Cl = 15 pF, Rl = 5012, 

Iq ^ 200 mA, (Figure 14) 

DS55451/DS75451 


18 

25 

ns 

DS55452/DS75452 


24 

35 

ns 

DS55453/DS75453 


16 

25 

ns 

DS55454/DS75454 


24 

35 

ns 

tjLH Transition Time, Low-To-High Level 

Output 

Cl = 15 pF, Rl - 5012, Iq « 200 mA, (Figure 14) 


5 

8 

ns 

tTHL Transition Time, High-To-Low Level 

Output 

Cl = 15 pF, Rl = 5012, Iq ^ 200 mA, (Figure 14) 


7 

12 

ns 

Vqh High-Level Output Voltage After 

Switching 

Vs = 20V, lo 300 mA, (Figure 15) 

Vs-6.5 



mV 


Note 1: "Absolute Maximum Rabngs" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 

Note 3: The voltage between two emitters of a multiple-emitter transistor. 

Note 4: Value applies when the base-emitter resistance (RbE^ 'S equal to or less than BOOfi. 

Note 5: The maximum voltage which should be applied to any output when it is in the "OFF" state. 

Note 6: Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a short time 
interval must fall within the continuous dissipation rating. 

Note?: For the DS55450/DS75450 only, the substrate (pin 8) must always be at the most-negative device voltage for proper operation. 
Note 8: Unless otherwise specified min/max limits apply across the -BB'^C to +125°C temperature range for the DS55450 series and across the 
0°C to -<-70° C range for the DS75450 series. All typicals are given for Vqq == -tBV and T/\ = 25°C. 

Note 9: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown' as max or min on absolute value basis. 

Note 10: Only one output at a time should be shorted. 

Note 11: These parameters must be measured using pulse techniques, tyy = 300/iis, duty cycle < 2%. 

Note 12: Applies to output transistors only. 


schematic diagrams 


DS55450/DS75450 



DS55451/DS75451 
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schematic diagrams (con t) 


DS55453/DS75453 



DS55454/DS75454 



Resistor values shown are nominal. 


truth tables (H = high level, L= low level) 


DS55451/DS75451 


A 

B 

Y 

L 

L 

L (ON State) 

L 

H 

L (ON State) 

H 

L 

L (ON State) 

H 

H 

H (OFF State) 


DS55452/DS75452 


A 

B 

Y 

L 

L 

H (OFF State) 

L 

H 

H (OFF State) 

H 

L 

H (OFF State) 

H 

H 

L (ON State) 


dc test circuits 


DS55453/DS75453 


A B 

Y 

L L 

L H 

H L 

H H 

L (ON State) 

H (OFF State) 
H (OFF State) 
H (OFF State) 


DS55454/DS75454 


A B 

Y 

L L 

L H 

H L 

H H 

H (OFF State) 
L (ON State) 

L (ON State) 

L (ON State) 



if 


Both inputs are tested simultaneousiv. 


FIGURE 1. V|H. VoL 



if 


Each input is tested separately. 


FIGURE 2. V|L, Vqh 


Ifl 


II I 
X 


Each input is tested separately. 

FIGURE 3. V|, l|L 


Each input is tested separately. 

Each gate is tested separately. 

Both gates are tested simultaneously 

FIGURE 4. I|,I|H 

FIGURES. Iqs 

FIGURE 6. IccHr ICCL 


DS55450/DS75450 Series 








DS55450/DS75450 Series 


dc test circuits (con"t) 



FIGURE?. V,h,V,l,IoH.Vol 



FIGURES. V|,I|L, FIGURES. I|, I|h 


Both gates are tasted simultaneously. 


Vcc OPEN 



Both gates are tested simultaneously. 


FIGURE 10. IcCH' ICCL AND, NANO Circuits 


FIGURE 11. lcCH» ICCL NOR Circuits 


ac test circuits and switching time waveforms 



Note 1: The pulse generator has the following characteristics; PRR « 1 1WHz, Zqut * 50^2- 
Note 2: C(. include probe and jig capacitance, 


FIGURE 12. Propagation Delay Times, Each Gate (OS55450/OS75450 Only) 



Note 1; The pulse generator has the following characteristics: duty cycle < 1%, Zqut 
Note 2r Ct. includes probe and Jig capacitance. 


FIGURE 13. Switching Times, Each Transistor (DS55450/DS75450 Only) 
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ac test circuits and switching time waveforms (con't) 



FIGURE 14. Switching Times of Complete Drivers 


Vs = 20V 




Note 2: When testing OS55450/DS75450, connect output Y to transistor base with a SOOH resistor from there to ground, 
and ground the substrate terminal. 

Note 3: Cl includes probe and jig capacitance. 


FIGURE T5. Latch-Up Test of Complete Drivers 


typical performance characteristics 



0 -10 -20 -30 -40 


HIGH-LEVEL OUTPUT CURRENT (mA) 



FIGURE 16. DS55450/DS75450 TTL Gate .FIGURE 17. DS55450/DS75450 Transistor Static 

High-Level Output Voltage vs High-Level Forward Current Transfer Ratio vs Collector 

Output Current Current 
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DS55450/DS75450 Series 







DS55450/DS75450 Series 


typical performance characteristics (con't) 



10 20 40 70 100 200 400 

COLLECTOR CURRENT (mA) 

FIGURE 18. DS55450/DS75450 Transistor 
Base-Emitter Voltage vs Collector Current 



COLLECTOR CURRENT (mA) 


FIGURE 19. Transistor Collector-Emitter 
Saturation Voltage vs Collector Current 


typical applications 




FIGURE 20. Gated Comparator 


FIGURE 21. 500 mA Sink 



■O OUT-OF-PHASE OUTPUT 


3 IN-PHASE OUTPUT 


FIGURE 22. Floating Switch 
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typical applications (con t) 



Source and sink controls are activated by high-level input voltages (V|h > 2V). 


FIGURE 24. Core Memory Driver 



FIGURE 25. Dual TTL-to-MOS Driver 



FIGURE 26. Dual MOS-to-TTL Driver 
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DS55450/DS75450 Series 


typical applications (con't) 



FIGURE 27. Balanced Line Driver 



FIGURE 28. Dual Lamp or Relay Driver 




o 

1 — 

: I** 


1 


8 7 6 5 

DS54451 


■-[p-H: 

— 


12 3 4 


COIMPLEMENTARY OUTPUTS FOR: 
GO/NO-GO INDICATORS 
MOS CLOCK DRIVERS 
BIPOLAR RELAYS 


FIGURE 29. Complementary Driver 



FIGURE 30. TTL or DTL Positive Logic-Level Detector 


FIGURE 31. MOS Negative Logic-Level Detector 
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typical applications (con't) 



FIGURE 32. Logic Signal Comparator 



«inrLTinr~ 

'ijinjiririr 


*lf inputs are unused, they should be connected to t-SV through a Ik resistor. 


FIGURE 33. In-Phase Detector 


|8 \1 6 5 


2 ]3 IT 


FIGURE 34. Multifunction Logic-Signal Comparator 



FIGURE 35. Alarm Detector 
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DS55450/DS75450 Series 






Peripheral/Power Drivers 


NATIONAL 

DS55460/DS75460 series dual peripheral drivers 
general description 

The DS55460/DS75460 series of dual peripheral drivers The DS55461/C 
are functionally interchangeable with DS55450/ DS75463 and 

DS75450 series peripheral drivers, but are designed for AND, NAND, C 

use in systems that require higher breakdown voltages tive logic) with 

than DS55450/DS75450 series can provide at the ex- connected to th 
pense of slightly slower switching speeds. Typical appli- f#iatiirPQ 
cations include power drivers, logic buffers, lamp drivers, 
relay drivers, MOS drivers, line drivers and memory ■ 300mAoutp 
drivers. ■ High voltage 


The DS55460 and DS75460 are unique general-purpose 
devices each featuring two standard 54/74 series TTL 
gates and two uncommitted, high current, high voltage, 
NPN transistors. These devices offer the system designer 
the flexibility of tailoring the circuit to the application. 


The DS55461/DS75461, DS55462/DS75462, DS55463/ 
DS75463 and DS55464/DS75464 are dual peripheral 
AND, NAND, OR and NOR drivers, respectively, (posi- 
tive logic) with the output of the logic gates internally 
connected to the bases of the NPN output transistors. 

features 

■ 300 mA output current capability 

■ High voltage outputs 

■ No output latch-up at 30V 

■ Medium speed switching 

■ Circuit flexibility for varied applications and choice 
of logic function 

■ TTL or DTL compatible diode-clamped inputs 

■ Standard supply voltages 








absolute maximum ratings (Notei) 

Supply Voltage (Note 2) 7V 

Input Voltage 5.5V 

Inter-emitter Voltage (Note 3) 5.5V 

VcC'^ 0 'S^*^strate Voltage 

DS55460/DS7546b 40V 

Collector-to-Substrate Voltage 

DS55460/DS75460 4QV 

Collector-Base Voltage 

DS55460/DS75460 40V 

Co I lector- Emitter Voltage 

.DS55460/DS75460 (Note 4) 40V 

DS55460/DS75460 (Note 5) 25V 

Emitter-Base Voltage 

DS55460/DS75460 5V 

Output Voltage (Note 6) 

DS55461/DS75461, DS55462/DS75462, 35V 

DS55463/DS75463, DS55464/DS75464 
Collector Current (Note 7) 

DS55460/DS75460 300 mA 

Output Current (Note 7) 

DS55461 /DS75461 , DS55462/DS75462, 300 mA 

DS55463/DS75463, DS55464/DS75464 
Continuous Total Dissipation 800 mW 

Storage Temperature Range -65° C to -M50°C 

Lead Temperature (Soldering, 10 seconds) 260°C 


operating conditions (Note?) 



MIN 

MAX 

UNITS 

Supply Voltage (Vqq) 

DS5546X 

4.5 

5.5 

V 

DS7546X 

4.75 

5.25 

V 

Temperature (T/^) 

DS5546X 

-55 

-1-125 

°c 

DS7546X 

0 

-i-70 

°c 


dc electrical characteristics 

DS55460/DS75460 (Notes 8 and 9) 


PARAMETER | CONDITIONS | MIN | TYP | MAX | UNITS 

TTL GATES 


V,H 

High Level Input Voltage 

(Figure 1) 

2 



V 

V,L 

Low Level Input Voltage 

(Figure 2) 




V 

Vi 

Input Clamp Voltage 

Vcc = I| = -12 mA, (Figure 3) 


-1.2 

-1.5 

V 

I 

o 

> 

High Level Output Voltage 

Vcc = Min, V,l=0.8V, Iqh =-400mA, (Figure 2} 

mm 

3.3 


V 

VoL 

Low Level Output Voltage 

Vcc = Min, V,H = 
2V, loL = 16mA, 
(Figure 1) 

DS55460 




mmi 


/ 

DS75460 





li 

, Input Current at Maximum 

Vcc = Max, V, = 

Input A 



1 

IBBH 


Input Voltage 

5.5V, (Figure 4) 

Input G 



2 

mA 

I.H 

High Level Input Current 

Vcc = Max, V, = 

Input A 



40 

ma 



2.4V, (Figure 4) 




80 

ma 

I.L 

Low Level Input Current 

Vcc = Max, V, = 

Input A 



-1.6 

mA 



0.4V, (Figures) 

Input G 



-3.2 

mA 

'os 

Short Circuit Output Current 

Vcc = Max, (Note 10), (Figured) 

-18 


-55 

mA 

'cCH 

Supply Current 

Vcc = Max, V| = OV, Outputs High, (Figure 6) 


HSi 

4 

mA 

•CCL 

Supply Current 

Vcc " Max, V| = 5V, Outputs Low, (Figure 6) 


1 7 ‘ 1 

11 

mA 


OUTPUT TRANSISTORS 


V(bb)cbo Collector-Base Breakdown 
Voltage 

Ic = 100/nA, Ie =0 




V 

V(br)ceb Collector-Emitter Breakdown 
V(br)ceo Voltage 

Ic = lOOjuA, Rbe = 500i2 




V 

Ic = 10 mA, Ib = 0 (Note 12) 




V 

V(bb)ebo Emitter-Base Breakdown 
Voltage 

1e = lOOjuA, Ic = 0 

m 



V 

hpE Static Forward Current 

Transfer Ratio 

Vce=3V, 
(Note 12) 

DS55460, T^ = 25°C 

Ic = 100 mA 





Ic = 300 mA 

30 




DS55460, Ta=-55°C 

Ic = 100 mA 

10 




Ic = 300 mA 

15 




DS75460, Ta=25°C 

Ic = 100 mA 

25 




1^ “ 300 mA 

30 




DS75460,Ta=0°C 

Iq — 1 00 m A 

20 




Ic = 300 mA 

25 
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DS55460/DS75460 Series 

















































DS55460/DS75460 Series 


dc electrical characteristics (con 't) 

PARAMETER 

CONDITIONS 

||||||[|Q222^^ 

TYP 

MAX 

UNITS, 

Vbe Base-Emitter Voltage 

(Note 12) 

DS55460 



0.85 

a 

V 

HHH 


1 

D 

V 

DS75460 

IBSilH 


0.85 

B 

V 



1 

D 

V 

VcE(SAT) Collector-Emitter Saturation 
Voltage 

(Note 12} 

DS55460 



mm 

0.5 . 

V 



IQI^IIII 

m 

V 

DS75460 

HAH 


B 

m 

V 



HB 

0.7 

V 

ac switching characteristics 

DS55460/DS75460 Vcc = 5V, = 25‘^C 

PARAMETER 

1 CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH Propagation Delay Time, Low- 

To-High Level Output 




22 


ns 

Rl = 5012, Ic 200 mA, Gates and 
Transistors Combined, (Figure 14) 



65 

ns 

tpHL Propagation Delay Time, High- 

To-Low Level Output 

, Cl = 15 pF 

FIl = 40012, TTL Gates Only, (Figure 12) 


8 


ns 

Rl=5012, Ic*^ 200 mA, Gates and 
Transistors Combined, (Figure 14) 

■ 

[[QH 

50 

ns 

^TLH Transition Time, Low-To-High 

Level Output 

Cl = 15 pF, Rl = 5012, Ic 200 rtiA, Gates and Transistors 
Combined, (Figure 14) 


D 

20 


^THL Transition Time, High-To- Low 

Level Output 

Cl = 15 pF, Rl = 50S2. Iq 200 mA, Gates and Transistors 
Combined, (Figure 14) 


10 

20 


Vqh ' High Level Output Voltage 

After Switching 

Vs - 30V, Ic 300 mA, Rbe = 500J2, (Figure 15) 

Vs-10 



mV 

tfj Delay Time 

Ic “ 200 mA, Ib(i) ~ mA, Ib(2) ~ mA, 

Vbe(off) = -IV, Cl = 15 pF, Rl = 5012, (Note 13), 
(Figure 13). 

■ 

■ 

■ 

ns 

tr Rise Time 

Ic ~ 200 mA, Ib(i> ~ 20 mA, Ib(2) ~ 40 mA, 
Vbe(off) = -1V, Cl = 15pF, Rl - 5012. (Note 13), 
(Figure 13) . 



■ 

ns 

ts Storage Time 

Ic = 200 mA, Ib(i) = 20 mA, Ib(2) = ~40 mA, 
Vbe(off)=-1V, Cl = 15pF, Rl=5012, (Note 13), 
(Figure 13) 

■ 

1 

■ 

ns 

tf Fall Time 

Ic ~ 200 mA, Ib(i) ~ 20 mA, Ib(2) ~ 40 mA, 
Vbe(off> = -IV, Cl = 15 pF, Rl = 5012, (Note 13), 
(Figure 13) 


14 


ns 



1^30 








































dc electrical characteristics 

DS55461/DS75461, DS55462/DS75462, DS55463/DS75463, DS55464/DS75464 (Notes 8 and 9) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H High Level Input Voltage 

(Figure 7) 

2 



V 

V|L Low Level Input Voltage 

(Figure 7) 



0.8 

V 

V| Input Clamp Voltage 

Vcc = Min, 1, =-12 mA 


-1.2 

-1.5 

V 

Vql Low Level Output Voltage 

Vcc “ U\k\, (F igure 7) 

DS55461, V,l=0.8V 

1 o L ~ ^ 00 rn A 


0.15 

0.5 

V 

Iql “ 300 mA 


0.36 

0.8 

V 

DS55462, V,h=2V 

Iql " 100 mA 


0.16 

0.5 

V 

Iql ~ 300 mA 


0.35 

0.8 

V 

DS55463, V,l=0.8V 

Iql = 100 mA 


0.18 

0.5 

V 

Iqi_ ” 300 mA 


0.39 

0.8 

V 

DS55464, V,h=2V 

Iql ” 100 mA 


0.17 

0.5 

V 

Iql " 300 mA 


0.38 

0.8 

V 

DS75461, V,l=0.8V 

Iql = 100 nriA 


0.15 

0.4 

V 

Iql ” 300 mA 


0.36 

0.7 

V 

DS75462, V,h=2V 

Iql “ 100 mA 


0.16 

0.4 

V 

Iql " 300 mA 


0.35 

. 0.7 

V 

DS75463, V,l=0.8V 

Iql = 100 mA 


0.18 

0.4 

V 

Iql = 300 mA 


0.39 

0.7 

V 

DS75464, V,h=2V 

Iql “ 100 mA 


0.17 

0.4 

V 

Iql = 300 mA 


0.38 

0.7 

V 

•oh Level Output Current 

Vcc = Min- Vqh = 
35V, (Figure 7) 

> 

CN 

I 

> 

DS55461, 

DS55463 



300 

^xA 

DS75461, 

DS75463 



100 

HA 

V,L = 0.8V 

DS55462, 

DS55464 



300 

IXA 

DS75462, 

DS75464 



100 

MA 

li Input Current at Maximum 

Input Voltage 

Vcc = Max, V| = 5.5V, (Figure 9) 



1 

mA 

l|H High Level Input Current 

Vcc " Max, V, = 2.4V, (Figure 9) 



40 

HA 

liL Low Level Input Current 

Vcc = Max, V| = 0.4V, (Figure 8) 


-1 

-1.6 


IccH Supply Current 

Vcc Max, Outputs 
High, (Figure 11) 

V, = 5V 

DS55461/ 

DS75461, 

DS55463/ 

DS75463 


8 

11 

■ 

> 

o 

II 

> 

DS55462/ 

DS75462 


13 

17 

mA 

DS55464/ 

DS75464 


14 

19 

mA 

•cCL Supply Current 

■ 

Vcc ~ Max, Outputs 
Low, (Figure 1 1) 

< 

o 

< 

DS55461/ 

DS75461 


61 

76 

mA 

DS55463/ 

DS75463 


63 

76 

mA 

V, = 5V 

DS55462/ 

DS75462 


65 

76 

mA 

DS55464/ 

DS75464 


72 

85 

mA 
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DS55460/DS75460 Series 
































DS55460/DS75460 Series 


ac switching characteristics 

DS55461/DS75461, DS55462/DS75462, DS55463/DS75463/DS55464/DS7S464 Vcc = 5V, = 25'^C 


PAJ^AMETER 

1 CONDITIONS 1 

MIN 

TYP 

MAX 

UNITS 

IpLH Propagation Delay Time, 

Low-To-High Level Output 

lo 200 mA, Cl = 15 pF, Rl = 50^2, 
(Figure 14) 

DS55461/ 

DS75461, 

DS55463/ 

DS75463 


45 

55 

ns 

DS55462/ 

DS75462, 

DS55464/ 

DS75464 


50 

65 

ns 

tpHL Propagation Delay Time, 

High-To-Low Level Output 

lo 200 rriA, Cl = 15 pF, Rl = 50J2, 
(Figure 14) 

DS55461/ 

DS75461, 

DS55463/ 

DS75463 


30 

40 

ns 

DS55462/ 

DS75462, 

DS55464/ 

DS75464 


40 

50 

ns 

txLH Transition Time, Low-To- 

High Level Output 

lo ^ 200 mA, Cl = 15 pF, Rl = 50J2, 
(Figure 14) 

DS55461/ 

DS75461 


8 

20 

ns 

DS55462/ 

DS75462 


12 

25 

ns 

DS55463/ 

DS75463 


8 

25 

ns 

DS55464/ 

DS75464 


12 

20 

ns 

txHL Transition Time, High-To- 

Low Level Output 

lo « 200 mA, Cl = 15 pF, Rl = 50J2, 
(Figure 14) 

DS55461/ 

DS75461 


10 

20 

ns 

DS55462/ 

DS75462, 

DS55464/ 

DS75464 


15 

20 

ns 

DS55463/ 

DS75463 


10 

25 

ns 

Vqh High-Level Output Voltage 

After Switching 

Vs = 30V, lo » 300 mA, (Figure 15) 

Vs-10 



mV 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Voltage values are with respect to network ground terminal unless otherwise specified. 

Note 3: This is the voltage between two emitters of a multiple-emitter transistor. 

Note 4: This value applies when the base-emitter resistance (RbE^ 's equal to or less than 500 SI. 

Note 5: This value applies between 0 and 10 mA collector current when the base-emitter diode is open circuited. 

Note 6: This is the maximum voltage which should be applied to any output when It is in the "OFF" state. 

Note 7: Both halves of these dual circuits may conduct rated current simultaneously; however, power dissipation averaged over a short time inter- 
val must fall within the continuous dissipation rating. 

Note 8: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DS55460 series and across the 0°C 
to +70^* C range for the DS75460 series. All typicals are given for V^c = +5V and T/\ = 25° C. 

Note 9: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. Ail 
values shown as max or min on absolute value basis. 

Note 10: Only one output at a time should be shorted. 

Note 11: For the DS55460/DS75460 only, the substrate (pin 8) must always be at the most negative device voltage for proper operation. 

Note 12: These parameters must be measured using pulse techniques. t\/\/ = 300jus, duty < 2%. 

Note 13: Applies to output transistors only. 
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DS55460/DS75460 Series 


dc test circuits 



Each input is tested separately. 


FIGURE 1.V|h, VoL FIGURE 2. V||_, Vqh FIGURE 3. V|J|l 



Each input is tested separately. Each gate is tested separately. Both gates are tested simultaneously 

FIGURE 4. I|,I|H FIGURES. Iqs FIGURE 6. IcCH' <CCL 



Vcc 



Each input is tested separately. 


FIGURE 7.V|h,V|l, IoH^ Vql 


Vcc 



Note 1 : Each input is tested separately. 

Note 2: When testing DS55463/DS7S463 and DS7S464, 
input not under test is grounded. 

For all other circuits it is at 4.5V. 


FIGURES. V|,l||_ 



FIGURE 9. I|, l|H 


FIGURE 10. IccHr icCL^or 
AND, NAND Circuits 


FIGURE 11. IcCHr IcCL^o*" 
OR, NOR Circuits 
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switching characteristics 




Note 2: C|. include probe and jig capacitance. 

FIGURE 12. Propagation Delay Times, Each Gate (DS55460and DS75460 Only) 


10V 




Note 1 : The pulse generator has the following characteristics: duty cycle < 1%, Zqut 50^^- 
Note 2: C|, includes probe and jig capacitance. 

FIGURE 13. Switching Times, Each Transistor (DS55460 and DS75460 Only) 



FIGURE 14. Switching Times of Complete Drivers 


Vs = 30V 




Note 1 : The pulse generator has the following characteristics: PRR = 12.5 kHz, Hqut = SOn. 

Note 2: When testing DS5S46 or OS75460, connect output Y to transistor base with a 500^2 resistor from there to ground, 
and ground the substrate terminal. 

Note 3: C|. includes probe and jig capacitance. 


FIGURE 15. Latch-Up Test of Complete Drivers 
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DS55460/DS75460 Series 






NATIONAL 


Level T ranslators/ Buffers 

Advance Infomnation* 


DS1630/DS3630 hex CMOS compatible buffer 


general description 

The DS1630/DS3630 is a high current buffer intended 
for use with CMOS circuits interfacing with peripherals 
requiring high drive currents. The DS1630/DS3630 
features low quiescent power consumption (typically 
BOjLiW) as well as high-speed driving of capacitive loads 
such as large MOS memories. The design of the DS1630/ 
DS3630 is such that Vcc current spikes commonly 
found in standard CMOS circuits cannot occur, thereby, 
reducing the total transient and average power when 
operating at high frequencies. 


featu res 

■ High-speed capacitive driver 

■ Wide supply voltage range 

■ Input/output TTL compatibility 

■ Input/output CMOS compatibility 

■ No internal transient Vcc current spikes 

■ 50/L(W typical standby power 

■ Fan out of 10 standard TTL loads 


equivalent schematic and connection diagrams 


Vcc 



typical applications 


Dual-in-Line Package 

Vcc OUT 6 IN 6 OUT 5 IN 5 OUT 4 IN 4 


u 

13 

12 

11 

10 

9 8 

) 



-<]- 

r<h 


1 

OUT 1 It 

2 

1 01 

3 

IT 2 It 

4 

' 2 OU 

5 

T 3 IN 

rnr 

3 GND 


TOP VIEW 

Order Number DS163CM, DS3630J 
or DS3630N 


CMOS to TTL Interface 



74C 74C 

CMOS CMOS 

FAMILY DS3B30 FAMILY 



LINE 


CMOS To Transmission Line Interface 






♦Specifications may change. 



2-1 


DS1630/DS3630 



DS1630/OS3630 


absolute maximum ratings 

(Note 1) 

operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

16V 

Supply Voltage (S/qO 3 

15 

V 

Input Voltage 
Output Voltage 

Lead Temperature (Soldering, 10 seconds) 

16V 
16V 
300° C 

Temperature (T/\) 

DS1630 -55 

DS3630 0 

+125 

+70 

o o 

dc electrical characteristics 

(Notes 2 and 3) 





PARAMETER 


I|NH Logical "!" Input Current 


I|NL Logical "0" Input Current 
Vqh Logical "1" Output Voltage 

Vql Logical "0" Output Voltage 


CONDITIONS 

V|N “ Vcc» IpUT =~400/iA 
V|N ~ VcQ 2.0V, lojjT~16mA 
V|N = 0.4V, lour = 16 mA 

V(N ~ Vcc/ louT =“400^A 
Vi(\j ~ Vqq 0.4V, Iqut ~ 16 rnA 

ViM = OV, I OUT ~ 400/xA 
^^'iN =0V, louT = 16 mA 
V,N =0.4V, louT = 16mA 



MIN 

TYP 

MAX 

UNITS 

DS1630 


90 

200 

mA 

DS3630 


90 

200 

ma 

DS1630 


0.5 

3.2 

mA 

DS3630 


0.5 

1.5 

mA 

DS1630 


-0.15 

-1 

mA 

DS3630 


Vcc-150 

-800 

^A 


DS1630 Vcc“1 
DS3630 Vcc-0.9 

DS1630 Vcc-2.5 

DS3630 Vcc-2.5 


Vcc-0-75 

Vcc-0.75 

Vcc-2.0 

Vcc-2.0 


ac electrical characteristics Vcc = S.OV, T^ = 25°c unless otherwise specified 


PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdo Propagation Delay to a Logical "0" C|_ = 50 pF 30 45 ns 

Cl = 250 pF 40 60 riT 

Cl = 500 pF 50 75 nT 

tpdi Propagation Delay to a Logical "1" Cl = 50pF 15 25 ns 

Cl = 250 pF 35 50 nT 


^L r 500 pF 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed., Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1630 and across the 0°C to 
+70° C range for the DS3630. All typicals are given for Vqq = 5.0V and T>\ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 














DS1630/DS3630 






DS7800/D 


Level Translators/Buffers 


NATIONAL 


DS7800/DS8800 dual voltage translator 


general description 


features 


The DS7800/DS8800 are dual voltage translators 
designed for interfacing between conventional TTL 
or DTL voltage levels and those levels associated 
with high impedance junction or MOS FET-type 
devices. The (jlesign allows the user a wide latitude 
in his selection of power supply voltages, thus pro- 
viding custom control of the output swing. The 
translator Is especially useful in analog switching; 
and since low power dissipation occurs in the "off" 
state, minimum system power is required. 


■ 31 volt (max) output swing 

■ 1 mW power dissipation in normal state 

■ Standard 5V power supply 

■ Temperature range: 

DS7800 -55°Cto+125°C 

DS8800 0°C to +70°C 


Compatible with ail MOS devices 


schematic and connection diagrams 



Metal Can Package 



Order Number DS7800H 
or DS8800H 


typical applications 


4-Channel Analog Switch 


Bipolar to MOS Interfacing 


♦5V +I0V 


lJ 1 




+5 

i -iP 

f 

— I I mps SHIFT I 

— M T 1 1 

TTL DS7800 I ) I 


’Analog signals within the range of +8V to -8V. 
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absolute maximum ratings (Notei) 

operating conditions 







MIN MAX 

UNITS 

VcQ Supply Voltage 
V2 Supply Voltage 
V3 Supply Voltage 
V3-V2 Voltage Differential 
Input Voltage 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

7.0V 

-30V 

30V 

40V 

5.5V 

-65°Cto-H50“C 
300° C 

Supply Voltage (Vccl 
DS7800 
DS8800 

Temperature (T/\) 
DS7800 
DS8800 

4.5 5.5 

4.75 5.25 

-55 -M25 

0 -t70 

V 

V 

°c 

°c 

electrical characteristics (Notes 2 and 3) 






PARAMETER 

CONDITIONS 

MIN 

TYP 

(NOTE 6 ) 

MAX 

UNITS 

V|H Logical "1” Input Voltage 

Vcc=Min 

2.0 



V 

V|L Logical "O” Input Voltage 

Vcc =Min 



0.8 

V 

liH Logical “T' Input Current 

Vcc = Max 

V,f, = 2.4V 



5 

ma 


V,N - 5.5V 

' 


1 

mA 

liL Logical "0" Input Current 

Vcc = Max, V,N -0.4V 


- 0.2 

-0.4 

mA 

Iqh Output Leakage Current 

Vcc = Max, V|N = 0.8V (Notes 4 and 7) 



10 

ma 

Rq Output Collector Resistor 

Ta = 25°C 

11.5 

16.0 

20.0 

kn 

Vql Logical "0" Output Voltage 

Vcc = Min, V|N = 2.0V (Note 7) 



V 2 + 2.0 

V 

•cc(MAX) Power Supply Current 

Output "ON” 

Vcc = Max, V|N = 4.5V (Note 5) 


0.85 

1.6 

mA 

lcc(MiN) Power Supply Current 

Output "OFF” 

Vcc ~ Max, V,N = OV (Note 5) 


0.22 

0.41 

mA 

switching characteristics 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdo Transition Time to Logical 

"0" Output 

Ta =25°C, C- 15 pF (Note 8 ) 

25 

70 

125 

ns 

tpdi Transition Time to Logical 

"1" Output 

T a =25°C,C= 15 pF (Note 9) 

25 

62 

125 

ns 

Note 1: "Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range” they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics” 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7800 and across the 0°C to 
-t-70°C range for the DS8800. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Current measured is drawn from V 3 supply. 

Note 5: Current measured is drawn from V^C supply. 

Note 6 : All typical values are measured at T/s^ = 25°C with V^c ~ 5.0V, V 2 = —22V, V 3 = + 8 V. 

Note 7: Specification applies for all allowable values of V 2 and V 3 . 

Note 8 : Measured from 1 .5V on input to 50% level on output. 

Note 9: Measured from 1.5V on input to logic "0" voltage, plus IV. 
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DS7800/DS8800 




theory of operation 

The two input, diodes perform the AND function 
on TTL or DTL input voltage levels. When at least 
one input voltage is a logicar”0'', current from Vcc 
(nominally 5.0V) passes through and out the 
input(s) which is at the low voltage. Other than 
small leakage Currents, this current drawn from Vcc 
through the 20 kH resistor is the only source of 
power dissipation in the logical "1” output state. 

When both Inputs are at logical “1” levels, current 
passes through R-| and diverts to transistor Q^, turn- 
ing it on and thus pulling current through R2. Cur- 
rent is then supplied to the PNP transistor, Q2. The 
voltage losses caused by current through Q^, D3, 
and Q2 necessitate that node P reach a voltage suf- 
ficient to overcome these losses before current be- 
gins to flow. To achieve this voltage at node P, the 
inputs must be raised to a voltage level which is one 
diode potential lower than node P. Since these levels 
are exactly the same as those experienced with con- 
ventional TTL and DTL, the interfacihg with these 
types of circuits is achieved. 

Transistor Q2 provides "constant current switch- 
ing" to the output due to the common base con- 
nection of Q2. When at least one Input is at the 
logical "0" level, ho current is delivered to Q2; so 
that its collector supplies essentially zero, current 
to the output stage. But when both inputs are raised 
to a logical "1" level current is supplied to Q2. 

selecting power supply voltage 

The graph shows the boundary conditions which 
must be used for proper operation of the unit, the 
range of operation for power supply V2 is shown 
on the X axis. It must be between -25V and -8V. 
The allowable range for power supply V3 is gov- 
erned by supply V2. With a value chosen for V2, V3 
may be selected as any value along a vertical line 
passing through the V2 value and terminated by 
the boundaries of the operating region. A voltage 
difference between power supplies of at least 5V 
should be maintained for adequate signal swing. 


Since this current is relatively constant, the collec- 
tor of Q2 acts as a constant current source for the 
output stage. Logic inversion is performed since 
logical "1" input voltages cause current to be sup- 
plied to Q2 and to Q3. And when Q3 turns on the 
output voltage drops to the logical "0" level. 

the reason for the PNP current source, Q2, is so 
that the output stage can be driven from a high 
impedance. This allows voltage V2 to be adjusted 
in accordance with the application. Negative volt- 
ages to - 25 V can be applied to V2. Since the out- 
put will neither source nor sink large amounts of 
current, the output voltage range is almost exclu- 
sively dependent upon the values selected for V2 
and V3. 

Maximum leakage current through the output tran- 
sistor Q3 is specified at 10 /LtA under worst-case 
voltage between V2 and V3. This will result in a 
logical "1" output voltage which is 0 . 2 V below V3. 
Likewise the clam|3ing action of diodes D4, D5, and 
De, prevents the logical "0" output voltage from 
falling lower than 2 V above V2, thus establishing 
the output voltage swing at typically 2 volts less 
than the voltage separation between V2 and V3. 








Level Translators/Buffers 


DS7810/DS8810 quad 2-input TTL-MOS interface gate 
DS7811/DS8811 quad 2-input TTL-MOS interface gate 
DS7812/DS8812 TTL-MOS hex inverter 

general description 


These Series 54/74 compatible gates are high out- 
put voltage versions of the DM5401 /DM7401 
(SN5401 /SN7401), D M 54 03/D M7403 
(SN5403/SN7403), and DM5405/DM7405 
(SN5405/SN7405). Their open-collector outputs 
may be “pulled-up" to +14 volts in the logical "1" 
state thus providing guaranteed interface between 
TTL and MOS logic levels. 


In addition the devices may be used in applications 
where it is desirable to drive low current relays or 
lamps that require up to 14 volts. 


schematic and connection diagrams 




DS7810/DS8810, DS7811/DS8811 


DS7812/DS8812 


Dual-1 n-Line Package 



TOP VIEW CND 

DS7810/DS8810 


Dual-i n-Line and Flat Package 

Vcc 



Dual-In-Line and Flat Package 

Vcc , 


14 

13 

12 

11 

10 

9 8 

) 

f-t>l 

-t>- 


-1> 

rOn 

-t>J 

1 

2 

3 

TOP' 

4 

VIEW 

s 

GNO 


DS7812/DS8812 


Order Number 


DS7810J 

DS7811J 

DS7812J 

DS8810J 

DS8811J 

DS8812J 


DS8810N 

DS8811N 

DS8812N 

DS7810W 

DS7811W 

DS7812W 
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DS7810/DS8810, DS7811/DS8811, DS7812/DS8812 



DS7810/DS8810, DS7811/DS8811, DS7812/DS8812 


absolute maximum ratings (Note 1) 


Vcc 7V 

Input Voltage 5.5V 

Output Voltage 14V 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


operating conditions 

MIN MAX UNITS 

Supply Voltage (Vqq) 

DS78XX 4.5 5.5 V 

DS88XX f75 5,25 V 

Temperature (T/\) 

DS78XX -55 +125 °C 

DS88XX b +70 °C 


electrical characteristics (Notes 2 and 3) 


PARAMETER 


Input Diode Clamp Voltage 
Logical “1" Input Voltage 
Logical “0" Input Voltage 
Logical ”V' Output Current 

Logical "0” Output Current 
Logical "1" Output Breakdown Voltage 
Logical "0” Output Voltage 
Logical "1" Input Current 

Logical "0" Input Current 
Logical "0" Supply Current 
(Each Gate) 

Logical "1" Supply Current 
(Each Gate) 


CONDITIONS 


Vcc = 5.0V, Ta = 25°C, 1,^ = -12 mA 
Vcc = Min 
Vcc = Min 

Vcc = Min, V,M =0.8V 

VouT = 10V V|N=0-0V 

Vcc = Min, V,N = 2:0V, Vqut = 0.4V 
Vcc — Min, V|(vg = OV, Iout ~ ^ mA 
Vcc ~ Min, V jjvg — 2.0V, Iqut ~ "^5 mA 


TYP MAX UNITS 


V|M = 2.4V 

Vcc = Max — 

V|N ^ 5.5V 

Vcc = Max, V,N = 0.4V ^ 
Vcc = Max, V,M = 5.0V 

Vcc = Max, V|N = OV 


switching characteristics 

PARAMETER 


CONDITIONS 


Propagation Delay Time to a 

Vcc = 5.0V, Ta = 25°C, 

Logical "0" 

^OUT ~ 15 pF, Rl = Ik 

Propagation Delay Time to a 

Vcc = 5.0V, Ta = 25°C, 

Logical "i" 

^ouT ~ 15pF, Rl = Ik 


TYP 

MAX 

12 

18 

29 

45 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DS7810, DS781 1 and DS781 2 and 
across the 0°C to +70°C range for the DS7810, DS781 1 and DS7812. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


typical applications 


GROUND 

INPUT 

CLOCK Voi 


Note: Normal voltages applied to MOS shift 

registers have been shifted by +10V for this +10V - 

application. 
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DS7810/DS8810, DS7811/DS8811, DS7812/DS8812 





DS78L12/DS88L12 


Level Trahslators/Buffers 



NATIONAL 

DS78L12/DS88L12 TTL-MOS hex inverter/interface gate 


general description 

The DS78L12/DS88L12 is a low power TTL to 
MOS hex inverter element. The outputs may be 
"pulled up" to +14V in the logical "1" state, thus 
providing guaranteed interface between TTL and 
MOS logic levels. The gate may also be operated 


schematic and connection diagrams 


Vcc 



typical applications 

TTL Interface to MOS ROM 
Without Resistive Pull-Up 



ac test circuits 


♦14V 



For Vcc = 14V For Vcc 5.0V 


Figure 1 Figure 2 


with Vcc levels up to +14V without resistive 
pull-ups at the outputs and still providing a guar- 
anteed logical "1" level of Vcc ~ 2.2V with an 
output current of -200[jlA. 


Dual-In-Line and Flat Package 


Vcc 



Order Number DS78L12J, DS88L12J 
Order Number DS88L12N 
Order Number DS78L12W 


TTL Interface to MOS ROM 
With Resistive Pull-Up 



switching time waveforms 
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absolute maximum ratings (Note i) operating conditions 

MIN MAX UNITS 

Supply Voltage 15V Supply Voltage (Vcc) 

Input Voltage 5.5V DS78L12 ' 4.5 5.5 V 

Output Voltage 15V DS88L12 4.75 5.25 V 

Storage Temperature Range ^ -65°C to -HSO^C Temperature (T/\) 

Lead Temperature (Soldering, 10 sec) 300°C DS78L12 -55 125 °C 

DS88L12 0 70 °C 

electrical characteristics (Notes 2 and 3) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H Logical "1" Input Voltage 

Vec = 14.0V 

2.0 

1.3 


V 

Vec = Min 

2.0 

1.3 


V 

V|L Logical “0" Input Voltage 

Vec = 14.0V 


1.3 

0.7 

V 

Vec Min 


1.3 

0.7 

V 

Vqh Logicar'1" Output Voltage 

V,N =0.7V 

Vcc = 14.0V, Iqut =“200mA 

11.8 

12.0 


V 

Vcc = Min, Iqut = 200mA 

14.5 

15.0 


V 

I = OV, Vcc = Min, Iqut ~ “5.0mA (Note 6) 




V 

Vql Logical "0" Output Voltage 

V,N =2.0V 

Vcc = 14.0V, Iqut = 12 mA 


0.5 

1.0 

V 

Vcc ~ Min, Iqut ~ 2.6 mA 


0.2 

0.4 

V 

l,H Logicar'1'' Input Current 

V,^, = 2.4V 

Vcc = 14.0V 


<1 

20 

mA 

Vcc Max 


<1 

10 

mA 

V,n=5.5V 

Vcc = 14.0 V 


<1 

100 

mA 

Vcc = Max 


<1 

100 

mA 

l,L Logical "0" Input Current 

V,N = 0.4V 

Vcc = 14.0 V 


-320 

-500 

ma 

Vcc = Max 


-100 

-180 

mA 

Isc Output Short Circuit Current 

VouT = OV 
(Note 4) 

Vcc = 14.0 V 

-10 

-25 

-50 

mA 

Vcc ~ Max 

-3 ' 

-8 

-15 

mA 

Iqch Supply Current — Logical "1" 

(Each Inverter) 

< 

2 

II 

O 

< 

Vcc = 14.0V 


0.32 

0.50 

mA 

Vcc “ Max 


0.11 

0.16 

mA 

•ecu Supply Current — Logical "0" 

(Each Inverter) 

V,N = 5.25V 

Vcc = 14.0V 


1.0 

1.5 

mA 

Vcc = Max 


0.3 

0.5 

mA 

switching characteristics 




PARAMETER 

CONDITIONS I 

MIN 

TYP 

MAX 

UNITS 

tpdo Propagation Delay to a Logical "0" 

from Input to Output 

Ta = 25°C 

Vcc = 5.0V (Figure 2) 


27 

45 

ns 

Vcc = 14.0V (Figure 1) 


11 

20 

ns 

tpdi Propagation Delay to a Logical "1" 

from Input to Output 

Ta = 25°C 

Vcc “ 5.0V (Figure 2^(Note 5) 


79 

100 

ns 

Vcc = '•4.0V (Figure 1) 


34 

55 

ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS78L12 and across the 0°C to 
-f-70°C range for the DS88L12. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: tp^n for Vqc “ 5.0V is dependent upon the resistance and capacitance used. 

Note 6: Vql = Vec “ 1 -1 V for the DS88L12 and VcC“1-4V for the DS78L12. 
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DS78L12/DS88L12 





DS7819/DS8819 


NATIONAL 


Level T ranslators/ B uf f ers 


DS7819/DS8819 quad 2-input TTL-MOS AND gate 


general description 

The DS7819/DS8819 is the high output voltage state thus providing guaranteed interface between 

version of the SN5409. Its open-collector outputs TTL and MOS logic levels, 

may be "pulled-up" to 14V in the logical "1" 


schematic and connection diagrams 



Order Number DS7819J or OS8819J 
Order Number DS8819N 
Order Number DS7819W 


2-12 



absolute maximum ratings (Notei) operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

7.0V 

Supply Voltage (Vq^) 




Input Voltage 

5.5V 

DS7819 

4.5 

5.5 

V 

Output Voltage 

5.5V 

DS8819 

4.75 

5.25 

V 

Storage Temperature Range 

~€5°C to 150°C 

Temperature (T /\) 




Lead Temperature (Soldering, 10 sec) 

300° C 

DS7819 

-55 

+125 

°c 



DS8819 

0 

70 

°c 


electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logical "1" Input Voltage 

Vqq — Min 

2.0 



V 

V,L 

Logical “0" Input Voltage 

Vcc = Min 



0.8 

V 

Iqh 

Logical "1" Output Current 

V QQ — Min 

V,N =2.0V, VouT = lOV 



40.0 

/iA 



V|N =4.5V, VouT = 14V 



1.0 

mA 

Vql 

Logical "0" Output Voltage 

Vcc “ Min, V 

ii\j = 0.8V, Iqut “ 15 mA 



0.4 

V 

• IH 

Logical "1" Input Current 

V QQ — Max 

V,N =2.4V 



40.0 

ma 



V,N =5.5V 



1.0 

mA 

l|L 

Logical "0" Input Current 

Vcc = Max, V|N = 0.4V 



-1.6 

mA 

IcCH 

Logical "1" Supply Current 

Vcc = Max, V|N = 5V 


11.0 

21.0 

mA 

'CCL 

Logical "0" Supply Current 

Vcc = Max, V|^ = OV 


20.0 

33.0 

mA 

VCL 

Input Clamp Voltage 

Vcc 5.0V, Ta = 25°C, I,n =-12 mA 



-1.5 

V 


switching characteristics 


PARAMETER 

CONDITIONS 

MIN . 

TYP 

MAX 

UNITS 

VdO 

Propagation Delay to a Logical "0" 

Vcc = 5.0V, Ta = 25°C 


16.0 

24.0 

ns 

l^pdl 

Propagation Delay to a Logical "1” 

Vcc = 5.0V, Ta = 25°C 


16.0 

32.0 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7819 and across the 0°C to 
+70°C range for the DS8819. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


ac test circuit and switching time waveforms 
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DS7819/DS8819 





NATIONAL 


DS1488 quad line driver 


Line Drivers/Receivers 


general description 


features 


The DS1488 is a quad line driver which converts 
standard DTL/TTL input logic levels through one 
stage of inversion to output levels which meet EIA 
Standard No. RS-232C and CCITT Recommenda- 
tion V. 24. 


Current limited output tIOmAtyp 

Power-off source impedance 3000 min 

Simple slew rate control with external capacitor 
Flexible operating supply range 
Inputs are DTL/TTL compatible 



DS1488 





absolute maximum ratings (Note i) 


Supply Voltage 
V 

Input Voltage (V|n) 

Output Voltage 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 




-15V < V„ 


+ 15V 
-15V 
< 7.0V 


±15V 


0°C to +75°C 
— 65°C to +150 C 
300°C 


electrical characteristics (Notes 2 , 3 and 4) 


PARAMETER 

1 CONDITIONS 1 

MIN 

TYP 

MAX 

UNITS 

l|i_ Logicar'O” Input Current 

> 

o 

ii 

z 

> 


-1.0 

-1.3 

mA 

I|H Logical "1" Input Current 

V,N = +5.0V 


0.005 

10.0 

juA 

Vqh R'9h Level Output Voltage 

Rl =3.0 kl2, 
V,N = 0.8V 

V^ = 9.0V, V~ = -9.0V 

6.0 

7.0 


V 

\/^ = 13.2V, V~ = -13.2V 

9.0 

10.5 


V 

Vql Low Level Output Voltage 

Rl =3.0kl2, 
V,^, = 1.9V 

V = 9.0V, V“ = -9.0V 

-6.0 

-6.8 


V 

V^ = 13.2V, V“ = -13.2V 

-9.0 

-10.5 


V 

los"^ R'Oh Level Output 

Short-Circuit Current 

Vout=0V,V,n=0.8V 

-6.0 

-10.0 

-12.0 

mA 

los~ Low Level Output 

Short-Circuit Current 

VouT =0V, V,N = 1.9V 

6.0 

10.0 

12.0 

mA 

Rout Output Resistance 

V+ = v~ = OV, VouT = ±2V 

300 



n 

Icc'*' Positive Supply Current 

(Output Open) 

V,N = 1.9V 

V^ = 9.0V, V“ = -9.0V 


15.0 

20.0 

mA 

V"^ = 12V, V“=-12V 


19.0 

25.0 

mA 

V+ = 15V, V~ =-15V 


25.0 

34.0 

mA 

V,N = 0.8V 

V^ = 9.0V, V~ = -9.0V 


4.5 

6.0 

mA 

V"^ = 12V, V~ = -12V 


5.5 

7.0 

mA 

V^ = 15V, V“ = -15V 


8.0 

12.0 

mA 

lcc~ Negative Supply Current 

(Output Open) 

V,M = 1.9V 

V^ = 9.0V, V“ = -9.0V 


-13.0 

-17.0 

mA 

V^ = 12V, V~ = -12V 


-18.0 

-23.0 

mA 

V^ = 15V, V“ = -15V 


-25.0 

-34.0 

mA 

V,M = 0.8V 

V^ = 9.0V, V“ = -9.0V 


-0.001 

-1.0 

mA 

V^ = 12V, V~ = -12V 


-0.001 

-1.0 

mA 

V+ = 15V, V~ = -15V 


-0.01 

-2.5 

mA 

Pc) Power Dissipation 

V+ = 9.0V, V~ = -9.0V 


252 

333 

mW 

V^ = 12V, V~ =-12V 


444 

576 

mW 


switching characteristics 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdl 

Propagation Delay to a Logical "1" 

Rl = 3.0 kl2. Cl = 15 pF, Ta = 25°C 


230 

350 

ns 

^pdO 

Propagation Delay to a Logical "0" 

Rl = 3.0 k^2. Cl = 15 pF, Ta = 25°C 


70 

175 

ns 

tr 

Rise Time 

Rl = 3.0 kl2, Cl = 15 pF, Ta = 25°C 


75 

100 

ns 

tf 

Fall Time 

Rl = 3.0 ki2. Cl = 15 pF, Ta = 25°C 


40 

75 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +75° C temperature range for the DS1488. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
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applications 


By connecting a capacitor to each driver output 
the slew rate can be controlled utilizing the output 
current limiting characteristics of the DS1488. 
For a set slew rate the appropriate capacitor value 
may be calculated using the following relationship 
C = Isc (AT/AV) 

where C is the required capacitor, Isc is the short 
circuit current value, and AV/AT is the slew rate. 


RS232C specifies that the output slew rate must 
not exceed 30V per microsecond. Using the worst 
case output short circuit current of 12 mA in the 
above equation, calculations result in a required 
capacitor of 400 pF connected to each output. 


typical applications (con't) 


DTL/TTL-to-MOS Translator 


DTL/TTL-to-HTL Translator 



DTL/TTL-to-RTL Translator 


+12V 



<!> 6 
-12V +3.0V 


ac load circuit 


Vqut 


*C(, includes probe and jig capacitance. 




X 

T 


switching time waveforms 



typical performance characteristics 

Output Voltage and Current-Limiting Characteristics 


I ^ 

® -5 

-i-u 


- 1 ‘ 




DS1489/DS1489A 




NATIONAL 


Line Drivers/Receivers 


DS1489/DS1489A quad line receiver 
general description features 


The DS1489/DS1489A are quad line receivers 
designed to interface data terminal equipment 
with data communications equipment. They are 
constructed on a single monolithic silicon chip. 
These devices satisfy the specifications of EIA 
standard No. RS232C. The DS1489/DS1489A 
meet and exceed the specifications of MCI 489/ 
MC1489A and are pin-for-pin replacements. The 
DS1489/DS1489A are available in 14-lead cera- 
mic dual-in-line package. 


■ Four totally separate receivers per package 

■ Programmable threshold 

■ Built-In input threshold hysteresis 

■ “Fail safe" operating mode 

■ Inputs withstand ±30V 


schematic and connection diagrams Dual-ln-Line Package 


RESPONSE RESPONSE 

INPUT CONTBOl OUTPUT INPUT CONTROL OUTPUT 
0 0 0 C C C 



0S1489A; 

Order Number OS1489J or DS1489AJ 


ac test circuit and voltage waveforms 



typical applications 



*0ptional for noise filtering. 

RS232C Data Transmission M OS to TTL/DTL Translator 
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absolute maximum ratings (Notei) 







The following apply for = 25°C unless otherwise specified. 






Power Supply Voltage 
Input Voltage Range 
Output Load Current 
Power Dissipation (Note 2) 
Operating Temperature Range 
Storage Temperature Range 

10V 
±30V 
20 mA 
1W 

0°C to+75°C 
-65°C to +150''C 






electrical characteristics (Notes 2 , 3 and 4) 

DS1489/DS1489A;The following apply for Vcc = 5.0V ±1%, 0°C<T^ 

< +75°C unless otherwise specified. 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vth 

Input High Threshold Voltage 

Ta = 25°C, VouT 

< 0.45V, 

DS1489 

1.0 


1.5 

V 



•out “ 10 mA 


DS1489A 

1.75 


mg 

V 

Vtl 

Input Low Threshold Voltage 

Ta = 25°C, VouT 

^ 2.5V, Iqut ~ ~0.5 mA 

0.75 


WtESti 

V 

l|N 

Input Current 

V,N = +25V 

+3.6 

+5.6 

1109111 

mA 



V,N =-25V 

-3.6 

-5.6 

-8.3 

mA 



V,n=+3V 

+0.43 

+0.53 


mA 



> 

CO 

I 

II 

z 

> 

-0.43 

-0.53 


mA 

Vqh 

Output High Voltage 

Iqut ~ 0.5 mA 

V,N = 0.75V 

2.6 

3.8 

5.0 

V 



Input = Open 

2.6 

3.8 


V 

VqL 

Output Low Voltage 

V,N = 3.0V, lour 

= 10 mA 



0.33 


V 

•sc 

Output Short Circuit Current 

V,N = 0.75V 


3.0 


mA 

•cc 

Supply Current 

V,N =5.0V 


14 

26 

mA 

Pd 

Power Dissipation 

V,n=5.0V 

L 

70 


mW 

switching characteristics 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

^pdl 

Input to Output “High" 
Propagation Delay 

Rl = 3.9k, (Figure 1) (ac Test Circuit) 

W/k 


85 

ns 

^pdO 

Input to Output “Low" 
Propagation Delay 

Ri_=390n, (Figure 1) (ac Test Circuit) 


20 

imiiiiiiii 

ns 

tr 

Output Rise Time 

Rl = 3.9k, (Figure 1) (ac Test Circuit) 


110 


ns 

tf 

Output Fall Time 

Rl = 39012, (Figure 1) (ac Test Circuit) 


9 

20 

ns 

Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Unless otherwise specified min/max limits apply across the 0°C to -r75°C temperature range for the DS1489 and DS1489A. 

Note 3; All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: These specifications apply for response control pin = open. 
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DS1489/DS1489A 


























DS1688/DS3688 


NATIONAL 

Line Drivers/ Receivers 

Advance Information* 

DS1688/DS3688 quad TRI-STATE® 

differential line driver 

general description 

The DS1688/DS3688 are high-performance quad dif- 
ferantial line drivers, optimized for digital data trans- 
mission over balanced lines. The outputs are compatible 
with EIA Standards RS-422. The circuit uses Schottky- 
clamped transistor logic for minimum propagation delay 
and the inputs are fully compatible with 54LS/74LS 
series low power logic. 

The DS1688/DS3688 provide a strobe and TRI-STATE 
control common to all four drivers. The DS1688 is 

specified over -55°C to +125°C and the OS3688 is 
specified over 0°C to +70°C temperature range. 

features 

■ Compatible with RS-422 

■ Single 5V ±10% supply 

■ Series 54 LS/74LS compatible 

■ Dual version of DS8830 

connection diagram and truth table 


V 

Dual-In-Line Package 

'cc A4 B4 in 4 OiS IN 3 B3 A3 

1 1 1 1 1 1 1 j 



16 |l5 |l4 13 |l2 til 10 to 
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absolute maximum ratings (Notei) operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

7V 

Supply Voltage (Vqq) 

4.5 

5.5 

V 

Input Voltage 
Output Sink Current 

20V 
100 mA 

Temperature (T/^) 
DS1688 

-55 

+125 

°c 

Power Dissipation 

600 mW 

DS3688 

0 

+70 

°c 

Storage Temperature 

-65° C to +150°C 



Lead Temperature (Soldering, 10 seconds) 

300° C 






electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(i) Logical “1“ Input Voltage 

Vcc = 4.5V 

2 



V 

V|N(o) Logical "0" Input Voltage 

Vcc = 5.5V 



0.8 

V 

liN(i) Logical "1" Input Current 

V,N =20V 



100 

MA 

liN( 0 ) Logical "0" Input Current 

Vcc = 5.5V, V,N =0V 



-0.36 

mA 

^CLAMP Input Clamp Voltage 

1 IN ~ ""f 2 mA 



1.5 

V 

Voa/Vqb Logical “1" Output Voltage 

Vqc ^ 5.5V, Output Open 
Circuit 



5.5 

V 

— 1 

Vqa^Vqb Logical “0“ Output Voltage 

Vcc = 4.5V, 450^2 to Vcc 



1 

V 

Vq Open Circuit Differential 

Voltage 

Vcc = 5.5V 



5.5 

V 

Vj Output Terminated Differential 

Voltage 

Vcc = 4.5V, 
Terminated 10012 

2 



V 

AVj Difference in Differential Voltage 

Vcc = 5.5V 

imiii 


0.4 

V 

Vqs Driver Offset Voltage 

Terminated 10012 

iBi 


3 

V 

AVqs Difference in Offset Voltage 

Vcc = 5.5 V, 10012 



0.4 

V 

Isa* isB Output Short Circuit Current 

Vcc = 5.5V, (Note 4) 



-150 

mA 

IxA* ^XB Output Power "OFF" Current 





-100 

iuA 

[VouT^ev 



100 

ma 

Iqc Supply Current 

Vcc = 5.5V 


i 13 


mA 

tpdi* Vdo Propagation Delay Differential 

Terminated 10012, 25°C 


20 


ns 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DS1688 and across the 0°C to 
+70° C range for the DS3688. All typical values are for T^ = 25°C and Vqq = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Refer to EIA-RS-422 for exact conditions. 


typical application 



OS8820A 

Multiple drivers and receivers may be bussed on common transmission line. 
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DS1688/DS3688 


































DS1689/0S3689, DS1690/DS3690 


NATIONAL 


Line Drivers/ Receivers 

Advance Information* 


DS1689/DS3689, DS1690/DS3690 quad differential line receivers 


general description 

The DS1689/DS3689 and DS1690/DS3690 are high- 
performance quad differential line receivers, optimized 
for digital data transmission over balanced and unbalanced 
lines. The Inputs are compatible with EIA and Federal 
standards, and the Schottky-clamped outputs are fully 
compatible with 54LS/74LS series low power logic. 

The DS1689/DS3689 provide a TTL strobe input for 
each pair of receivers, in a 16-lead package, while the 
DS1690/DS3690 include a separate strobe for each of 
the four receivers in an 18-lead package, The DS1689 
and DS1690 are specified over a -55°C to +125°C 
operating temperature range, the DS3689 and DS369Q 
over a 0°C to +70°C range. 


connection diagrams 


Dual-In-Line Package 

Vcc IN IN OUT STROBE OUT IN IN 



TOP VIEW 


Order Number OS1689J, OS3689J 
or DS3689N 


features 

■ Full compatibility with EIA standards RS-232-C, 
RS-422 and RS-423, and Federal standards 1020 and 
1030 

■ Input voltage range of ±15V (differential or common- 
mode) 

■ 5k Input impedance 

■ 50 mV input hysteresis 

■ 200 mV input threshold 

■ Four receivers in single 16-lead or 18-lead package 

■ Single 5V, ±10% supply 


Dual-ln-Line Package 

Vcc IN IN OUT STB STB OUT IN IN 



TOP VIEW 

Order Number DS1690J, DS3690J 
or DS3690N 


^Specifications may change 
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absolute maximum ratings (Note 1) 


Supply Voltage 8.0V 

Common-Mode Voltage ±25V 

Differential Input Voltage ±25V 

Strobe Voltage 8.0V 

Output Sink Current 50 mA 

Power Dissipation 600 mW 

Storage Temperature Range -65°C to +150"C 

Lead Temperature (Soldering, 10 seconds) 300°C 


operating conditions 

Ml 

Supply Voltage (Vqq) 4.E 

Temperature (T/y^) 

DS1 689, DS 1690 -55 

DS3689, DS3690 0 

Common-Mode Voltage (Vciyi) -15 
Voltage Differential (Vqipf) 


electrical characteristics (Notes 2 and 3) 


PARAMETER 

VjH Differential Threshold Voltage 


Input Resistance 

Data Input Current (Unterminated) 


Ice Power Supply Current 

Vqh Logical "1" Output Voltage 


Vql Logical “O” Output Voltag 


V,N(i) Logical "1" Strobe Input Voltage 
V|N(o) Logical "0" Strobe Input Voltage 


Logical “V Strobe Input Current 
Logical "0" Strobe Input Current 


Iqs Output Short Circuit Current 
tpdo(D) Differential Input to “O” Output 
tpdi(D) Differential Input to "I” Output 
tpdo(s) Strobe Input to "0" Output 
tpdi(S) Strobe Input to "1" Output 


louT ~ 400/uA» Vqut 2.5V 

-10V<VcM <+10V L 

*ouT ~4mA- 

Iqut --400mA. Vqut > 2iv~ 
-15 V<Vcm <+15V louT=^4mA, Vout<0-4V 

-15V< VcM <+15V 
Vcm = 15V 

VcM = OV 

VrM-- 15 V 


-7V < VcM < +7V 


*ouT ~ 400 mA, VpiFF - 0-4V 
*out“^i^A, V0|pf=-O.4V 


Vdipp = -0.5V, (Note 5) 

1out=-400mA. Vd,ff = 1V 


louT=4mA, Vout<0.4V, Vd,f 
Iout=-400mA. Vout>2.5V, V 


Vstrobe= .5.5V, V 
^STROBE “ OV, Vp 


louT = OV, Vstrobe = OV, Vec - 5.5V, (Note 4) 


Vec = 5V, Ta = 25”C 



;e 

louT”4mA, VpiFF - IV 


0.25 

0.4 




Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1689 and DS1690 and across 
the 0°C to +70®C range for the DS3689 and DS3690. All typical values are for T/^ = 25°C, Vqc “ 5V and Vq]\/| = OV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: The specifications given are for one receiver only. Therefore, the total package dissipation and supply currents will be four times the values 
given when all receivers are operated under identical conditions. 

Note 6: Refer to EIA-RS-422 for exact conditions. 


DS1689/DS3689, DS1690/DS3690 






















DS3650,DS3652 


NATIONAL 


Line Drivers/Receivers 


DS3650, DS3652 quad TTL compatible line receivers 


general description 


The DS3650 and DS3652 are TTL compatible quad 
high speed circuits intended primarily for line receiver 
applications. Switching speeds have been enhanced over 
conventional line receivers by the use of Schottky 
technology, and TRI-STATE® strobing is incorporated 
offering a high impedance output state for bused 
organizations. 

The DS3650 has active pull-up outputs and offers a 
TRI-STATE strobe, while the DS3652 offers open 
collector outputs providing implied "AND" operation. 

The DS3652 can be used for address decoding as 
illustrated below. All outputs of the DS3652 are tied 
together through a common resistor to 5V. In this 


configuration the DS3652 provides the "AND" function. 
All addresses have to be true before the output will go 
high. This scheme eliminates the need for an "AND" 
gate and enhances speed throughput for address decoding. 

features 

■ High speed 8 ns (typ) 

■ TTL compatible 

■ Input sensitivity ±25 mV 

■ TRI-STATE outputs for high speed buses 

■ Standard supply voltages ±5V 

■ Pin and function compatible with IVIC3450 and 
MC3452 


connection diagram 


Dual-in-Line Package 

+(N B OUT B Vee out D +IN D -IN D 



-IN A +INA OUT A STB OUT C +IN C -INC GNO 
TOP VIEW 

Order Number DS3650J, OS3650N, 
OS3652J or DS3652N 


typical applications 


Vref 



Implied “AND" Gating 


truth table 


INPUT 

STROBE 

OUTPUT 

DS3650 

DS3652 

V|D >+25 mV 

L 

H 

Open 


H 

Open 

Open 

-25 mV<V|D<+25 mV 

L 

X 

X 


H 

Open 

Open 

V,D <-25 mV 

L 

■L 

L 


H 

Open 

Open 


L = Low Logic State 
H = High Logic State 
Open = TR I -STATE 
X = Indeterminate State 



Wired "OR" Data Selecting Using TRI-STATE Logic 
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absolute maximum ratings 

(Note 1) 


Power Supply Voltages 

Vcc 

Vee 

Differential-Mode Input Signal Voltage 
Range, V|dr 

Common-Mode Input Voltage Range, V|qr 
S trobe Input Voltage, V|(s) 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


±6.0 Vqq 
±5.0 Vdc 
5.5 Vdc 
- 65°Cto+150°C 
300° C 


operating conditions 

(Ta = 0°C to +70°C unless otherwise noted.) 


Power Supply Voltages 

Vcc 

VeE 

Output Load Current, Iql 
D ifferential-Mode Input 
Voltage Range, V I QR 
Common-Mode Input 
Voltage Range, V|CR 
Input Voltage Range (any 
input to GND), V|r 
Operating Temperature Range, T/^ 


electrical characteristics operating Tempera, u™ Ran; 

(Vcc = +5.0 Vdc. Vee “ ”5-0 Vdc. Ta = 0°C to +70°C unless otherwise noted) (Notes 2 and 3) 


MIN 

MAX 

UNITS 

+4.75 

+5.25 

Vdc 

-4.75 

-5.25 

Vdc 


16 

mA 

-5.0 

+5.0 

Vdc 

-3.0 

+3.0 

Vdc 

-5.0 

+3.0 

Vdc 

0 

+70 

°c 


PARAMETER | 


High Level Input Current to 
Receiver Input 

•lL(l) 

Low Level Input Current to 
Receiver Input 

•lH(S) 

High Level Input Current to 
Strobe Input 

•lL(S) 

Low Level Input Current to Strobe 
Input 

VOH 

High Level Output Voltage 

•CEX 

High Level Output Leakage 
Current 

VoL 

Low Level Output Voltage 

•os 

Short-Circuit Output Current (Note 4) 

loFF 

Output Disable Leakage Current 

•CCH 

High Logic Level Supply Current 
from Vcc 

•eeh 

High Logic Level Supply Current 
from Vee 



swit ching characteristics (Vcc = + 5 .o Vdc. Vee = -50 Vdc. t* = +25°C unless otherwise noted.) 


PARAMETER | 

1PHL(D) 

High-to-Low Logic Level Propagation 
Delay Time (Differential Inputs) 

fpLH(D) 

Low-to-High Logic Level Propagation 
Delay Time (Differential Inputs) 

tpOH(S) 

TRI-STATE to High Logic Level 
Propagation Delay Time (Strobe) 

1PHO(S) 

High Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 

fpOL(S) 

TRI-STATE to Low Logic Level 
Propagation Delay Time (Strobe) 

fPLO (S) 

Low Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 



fpHL(S) High-to-Low Logic Level Propagation 

Delay Time (Strobe) 

tpLH(s) Low-to-High Logic Level Propagation 

Delay Time (Strobe) j | DS3652 

Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS3650 and DS3652. All typical values are for 
Ta = 25°C, Vcc = 5V, and Vee = “5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, alt voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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DS3650,DS3652 












































DS3650,DS3652 


ac test circuits and switching time waveforms 






























DS3650,DS3652 

























zgeesa'oggesa 


ac test circuits and switching time waveforms (con't) 



Note: Output of Channel B shown under test, 
other channels are tested similarly. 


VoH 





Note: E|n waveform characteristics: 

tTLH and tTHL < 10 ns measured 10% to 90% 
PRR = 1.0MHz 
Duty Cycle = 500 ns 


FIGURE 10. Strobe Propagation Delay tp|^H(g) and tpHL(S) 


schematic diagrams 
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NATIONAL 


Line Drivers/Receivers 


DS7640/DS8640 quad NOR unified bus receiver 


general description 

The DS7640 and DS8640 are quad 2-input receivers 
designed for use in bus organized data transmission 
systems interconnected by terminated 120^2 impedance 
lines. The external termination is intended to be 1800 
resistor from the bus to the -f-5V logic supply together 
with a 3900 resistor from the bus to ground. The design 
employs a built-in input threshold providing substantial 
noise immunity. Low input current allows up to 27 
driver/ receiver pairs to utilize a common bus. This 
receiver has been specifically configured to replace the 
SP380 gate pin-for-pin. 


features 

■ Plug-in replacement for SP380 gate 

■ Low input current with normal Vcc or Vcc = OV 
(30juA typ) 

■ High noise immunity (1.1V typ) 

■ Temperature-insensitive input thresholds track bus 
logic levels 

■ DTL/TTL compatible output 

■ Matched, optimized noise immunity for "1" and “0" 
levels 

■ High speed (19 ns typ) 


connection diagram 


Dual-In-Line Package 
OUT 3 OUT 4 II\I4A IN 4B IN 3A 



GND OUT 2 0UT1 IN 1A IN IB IN 2A IN 2B 


Order Number DS7640J, OS8640J 
DS8640N or DS7640W 


typical application 


12012 Unified Data Bus 




I ll/6 Y I ll/4 f I 

I I PS8837T I I DS8640 j | 
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DS7640/DS8640 



absolute maximum ratings (Note i) 


Supply Voltage 7.0V 

Input Voltage 5.5V 

Power Dissipation 600 mW 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


operating conditions 


Supply Voltage (Vcc) 
DS7640 
DS8640 

Temperature (T/\) 
DS7640 
DS8640 


MIN 

MAX 

UNITS 

4.5 

5.5 

V 

4.75 

5.25 

V 

-55 

+125 

°c 

0 

+70 

°c 


electrical characteristics 

The following apply for VjvnN < Vcc ^ ^ max > Tmin Tmax# unless otherwise specified (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|n High Level Input Threshold 



DS7640 

1.80 

1.50 


V 


VquT “ Vol 


DS8640 

1.70 

1.50 


V 

V|L Low Level Input Threshold 



DS7640 


1.50 

1.20 

V 


Vqut Vqh 


DS8640 


1.50 

1.30 

V 

linMaximum Input Current 

> 

II 

> 

Vcc ~ Vmax 


30 

80 

iiA 


Maximum Input Current 

Output Voltage 
Output Voltage 

Output Short Circuit Current 
Power Supply Current 


V,M = 0.4V, Vcc = Vmax 

Ioh=-400mA, V,n=V,l 

loL = 16 mA, V,N = V,H 

V,N = 0.5V, Vqs = OV, Vcc = Vmax> (Note^ 

V|N = 4V, (Per Package) 


switching characteristics 

PARAMETER 

tp<;j Propagation Delays 


CONDITIONS 


(Notes 5 and 6) 


Input to Logic “V' Output 
Input to Logic "0" Output 


MIN 

TYP 

MAX 

UNITS 

10 

23 

35 

ns 

10 

15 

30 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7640 and across the 0°Cto 
+70°C range for the DS8640. All typical values are for T^ = 25°C and Vqc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Fan-out of 10 load, ClqaD ~ 1^ tota), measured from V||\j = 1.5V to VqijT ” 1-5V, V||vj = OV to 3V pulse. 

Note 6: Apply for Vqq = 5V, T^ = 25°C. 
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Line Drivers/Receivers 


NATIONAL 


DS7641/DS8641 quad unified bus transceiver 


general description 


features 


The DS7641 and DS8641 are quad high speed drivers/ 
receivers designed for use in bus organized data trans- 
mission systems interconnected by terminated 12012 
impedance lines. The external termination is intended to 
be a 18012 resistor from the bus to the -I-5V logic supply 
together with a 39012 resistor from the bus to ground. 
The bus can be terminated at one or both ends. Low bus 
pin current allows up to 27 driver/receiver pairs to 
utilize a common bus. The bus loading is unchanged 
when Vcc = OV. The receivers incorporate tight thresh- 
olds for better bus noise immunity. One two-input NOR 
gate is included to disable all drivers in a package 
simultaneously. 


■ 4 separate driver/receiver pairs per package 

■ Guaranteed minimum bus noise immunity of 0.6V, 
1.1V typ 

■ Temperature insensitive receiver thresholds track bus 
logic levels 

■ 30mA typical bus terminal current with normal Vcc 
or with Vcc = OV 

■ Open collector driver output allows wire-OR 
connection 

■ High speed 

■ Series 74 TTL compatible driver and disable inputs 
and receiver outputs 


connection diagram 


Duai-in-Line and Flat Package 



OUT 4 DISABLE B GND 


Order Number DS7641J, DS8641J 
or OS8641N 


typical application 


1200 Unified Data Bus 


rr=TXi 
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DS7641/DS8641 






DS7641/DS8641 


absolute maximum ratings (Note i) 

operating conditions 





* 


MIN MAX UNITS 

Supply Voltage 

7V 

Supply Voltage, (V^q) 




Input and Output Voltage 

5.5V 

. DS7641 


4.5 5.5 

V 

Power Dissipation 

600 mW 

DS8641 


4.75 5.25 V 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds 

-65°Cto+150°C 
300° C 

Temperature Range, (Ta) 
DS7641 

-55 

-M25 °C 



DS8641 


0 

+70 

°C 

electrical characteristics 






The following apply for Vmin < ^cc < V^ax. Tmin ^ Ta < T^ax unless otherwise specified i 

Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 1 

UNITS 

DRIVER AND DISABLE INPUTS 

V|H Logical "1" Input Voltage 


2.0 



V 

V|i_ Logical "0" Input Voltage 




0.8 

V 

li Logical "1” Input Current 

V,^,=5.5V 



1 

mA 

liH Logical "1" Input Current 

V,M = 2.4V 



40 

HA 

liL Logical "0" Input Current 

V,N =0.4V 



-1.6 

mA 

VcL Input Diode Clamp Voltage 

Iqis ~ 12 mA, l|i\i ~ 12 mA, 
T^ = 25°C 

BUS ~ 12 rnA, 


-1 

-1.5 

V 

DRIVER OUTPUT/RECEiVER INPUT 

Vqlb Low Level Bus Voltage 

Vd,s = 0.8V, V,n=2V, Ibus = 

50 mA 


0.4 

0.7 

V 

liHB Maximum Bus Current 

V,M =0.8V, Vbus =4V, Vcc = 

Vmax 


30 

100 

juA 

liLB Maximum Bus Current 

V,N =0.8V, Vbus=4V, Vcc = 

OV 


2 

100 

ma 

V|H High Level Receiver Threshold 

V,ND =0.8V, VoL = 16 mA 

DS7641 

1.80 

1.50 


V 


DS8641 

1.70 

1.50 


V 

V,L Low Level Receiver Threshold 

^iND “0.8V, Vqh = ~400ftA 

DS7641 


1.50 

1.20 

V 


DS8641 


1.50 

1.30 

V 

RECEIVER OUTPUT 

Vqh Logical "1" Output Voltage 

V,N = 0.8V, Vbus = 0.5V, loH 

= -400mA 

2.4 



V 

Vql Logical "0” Output Voltage 

V,N =0.8V, Vbus=4V, Iol = 

16 mA 


0.25 

0.4 

V 

los Output Short Circuit Current 

Vd,s = 0.8V, V,N = 0.8V, Vbus = 0.5V, Vqs = OV, 

-18 


-55 

mA 


Vcc =Vm AX, (Note 4) 






Ice Supply Current 

Vdis = OV, V,N = 2V, (Per Package) 


50 

70 

mA 



switching characteristics 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpd Propagation Delays (Note 7) 







Disable to Bus "1" 




19 

30 

ns 

Disable to Bus "0" 

(Note 5) 



15 

23 

ns 

Driver Input to Bus "1" 




17 

25 

ns 

Driver Input to Bus "0" 




9 

15 

ns 

Bus to Logical "1" Receiver 
Output 

(Note 6) 



20 

30 

ns 

Bus to Logical “0" Receiver 
Output 



18 

30 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -~55°C to +125°C temperature range for the DS7641 and across the 0°C to 

+70°C range for the DS8641. All typical values are for Ta = 25°C and Vqq 

= 5V. 





Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 

values shown as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 






Note 5: 91^2 from bus pin to Vqc and 200S2 from bus pin to ground. C|_OAD pF total, 

Measured from V||\| 

= 1.5V to V0US“ 1.5V, 

Vjjvj = OV to 3V pulse. 







Note 6: Fan-out of 10 load, Clqad ~ 15 pF total. Measured from Vj|vj = 1.5V to VquT ~ 1-5V, V||\| = OV to 3V pulse. 



Note 7; The following apply for Vec ~ 5V, Ta == 25°C unless otherwise specified. 
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NATIONAL 


Line Drivers/ Receivers 


DS8642 quad transceiver 


general description 


The DS8642 is a quad transceiver designed for bus 
organized data transmission systems terminated by 50r2 
impedance. The bus can be terminated at one or both 
ends. It has four bus drivers with a common strobe 
gate and four bus receivers. Bus driver outputs can be 
"OR-tied" with up to 19 other drivers and with up to 
20 bus receiver loads. The blis loading is 2k when 
Vcc = OV. 


features 

■ 100 mA Drive Capability 

■ Four separate driver/receiver pairs 

■ Open collector driver output allows wire-0 R con- 
nection 

■ 50^2 line termination 

■ Completely TTL compatible on driver and disable 
inputs, and receiver outputs 


connection diagram 


Dual-In-Line Package 



TOP VIEW 

Order Number DS8642J 
or DS8642N 
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DS8642 


absolute maximum ratings (Note i) 


operating conditions 


Supply Voltage 7V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range -65°C to +150°C 

Power Dissipation 600 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 


Supply Voltage, Vq 0 
Temperature, T/^ 


electrical characteristics (Notes 2 and 3) 


PARAMETER 


DISABLE/DRIVER INPUT 


CONDITIONS 


V,H 

Logical "1" Input Voltage 

Vcc = Min 

V,L 

Logical "0" Input Voltage 

Vcc = Min 

l|L 

Logical "0" Input Current 

Vcc = Max, V,N =^0.4V 

l|H 

Logical "1" Input Current 

V,N = 2.4V 

Vcc = Max 

V,N = 5.5V 

VcD 

Input Clamp Voltage 

I ifvj = ~1 2 mA 


RECEIVER INPUT/BUS OUTPUT 


RECEIVER OUTPUT 


VOH 

Logical "1" Output Voltage 

•oh 

Logical "1" Output Current 

•os 

Output Short Circuit Current 

VoL 

Logical "0" Output Voltage 



V|hb 

Logical "1" Input Voltage 

Vcc = Max 

3.1 

V,lb 

Logical "0" Input Voltage 

Vcc ~ Min 


VcDB 

Input Clamp Diode 

•in ~ “50 mA 


•iHB 

Logical "1" Input Current 

Vcc ~ Max, V|(\gB = Vcc 


•iLB 

Logical ''0" Input Current 

Vcc = Max, V,N = 0.4V 


Vqlb 

Logical "0" Output Voltage 

Vcc ~ Min, Iqut ~ 100 mA 


•OL 

Logical "0" Output Current 

Vcc = Min, Vql = 0.8V 

100 

•oHB 

Power "OFF" Bus Current 

Vcc =0 V,V,nb= 5.25V 



Vcc = Min, louT = "1 niA 
Vcc = Min, Vqut = 5.5V 
Vcc = Min, VouT = OV, (Note 4 , 


OUT “ 




V 

0.8 . 

V 

-1.6 

mA 

40 

iUA 

1 

mA 

-1.5 

V 




100 

-28 

-55 

0.3 

0.45 


Supply Current 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. ' 

Note 2: Unless otherwise specified min/max limits apply across the 0®C to +70° C range for the DS8642. All typicals are given for Vqq = 5V and 
Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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switching characteristics 


PARAMETER 


CONDITIONS 


MIN TYP MAX UNITS 


Propagation Delay to a Logical "0" (Figure 1) 

From Data Input to Receiver Output 

Propagation Delay to a Logical "1" (Figure 1) 

From Data Input to Receiver Output 

Propagation Delay to a Logical "0" (Figure 1) 

From Strobe Input to Receiver 

Output 

Propagation Delay to a Logical "1" (Figure 1) 

From Strobe Input to Receiver 

Output 


34 50 


25 50 


38 55 


25 55 


typical performance characteristics 


Receiver ON Impedance 


Receiver OFF impedance 




0 1 2 3 4 5 


0 1 2 3 4 5 


ac test circuit and switching time waveforms 


DATA INPUT 1-5> 



RECEIVER , rw_ 

OUTPUT ■ > 


450 pF 50 nF 




STROBE 1 5V 

INPUT 



f = 5IVlHz 

Pulse Width = 100 ns 
tr = tf 5 ns 


DS8642 





DS7820/DS8820 


NATIONAL 

DS7820/DS8820 dual line receiver 
general description 

The DS7820, specified from -55°Cto+125°C, and 
the DS8820, specified from 0°C to +70° C, are 
digital line receivers with two completely Indepen- 
dent units fabricated on a single silicon chip. 
Intended for use with digital systems connected 
by twisted pair lines, they have a differential input 
designed to reject large common mode signals while 
responding to small differential signals. The output 
is directly compatible with RTL, DTL or TTL 
Integrated circuits. 

features 

■ Operation from a single +5V logic supply 

■ Input voltage range of ±15V 


Line Drivers/Receivers 


■ Each channel can be strobed Independently 

■ High Input resistance 

■ Fanout of two with either DTL or TTL 
integrated circuits 

The response time can be controlled with an ex- 
ternal capacitor to eliminate noise spikes, and the 
output state is determined for open Inputs. Ter- 
mination resistors for the twisted pair line are 
also Included in the circuit. Both the DS7820 and 
the DS8820 are specified, worst case, over their 
full operating temperature range, for ±1 0-percent 
supply voltage variations and over the entire input 
voltage range. 



absolute maximum ratings (Notei) 


operating conditions 


Supply Voltage 

Input Voltage 

Differential Input Voltage 

Strobe Voltage 

Output Sink Current 

Power Dissipation 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 


8.0 V 
±20V 
±20V 
8.0V 
25 mA 
600 mW 
-65°Cto +150'’C 
300° C 


Supply Voltage (Vqc) 
DS7820 
DS8820 

Temperature (T^) 
DS7820 
DS8820 


MIN 

MAX 

4.5 

5.5 

4.75 

5.25 

-55 

-M25 

0 

+70 


electrical characteristics (Notes 2 and 3) 


PARAMETER 


CONDITIONS 


Input Threshold Voltage 

High Output Level 
Low Output Level 
Inverting Input Resistance 
Non-Inverting input Resistance 
Line Termination Resistance 
Response Time 

Strobe Current 

Power Supply Current 

Non-Inverting Input Current 

Inverting Input Current 


V|N =0 

-15V< V,N < 15V 

Iqut ^ 0.2 mA 
IsiNK ^ 3.5 mA 


Ta = 25 C 

CpELAY ~ 0 

^DELAY ~ 100 pF 

^STROBE ~ 0-4V 
^STROBE 

V iiM ~ 1 5V 

V|N=0 ~~ 

ViN =-15V 
V|N - 15V 

V|N =0 

ViN =-15V 

ViM = 15V 


ViN = 15V 
V|N -0 
V.M =-15V 


1.4 

mA 

-5.0 

/iA 

6.0 

mA 

10.2 

mA 

15.0 

hiA 

7.0 

mA 


mA 


mA 

4.2 

mA 

-0.5 

mA 


mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: These specifications apply for 4.5V < Vqq < 5.5V, -15V < Vqm < 15V and -55°C < T^ < +125°C for the DS7820 or 0°C < T^ < 
T70°C for the DS8820 unless otherwise specified; typical values given are for Vqc = 5.0V, T/^ = 25°C and VQy| = 0 unless stated differently. 
Note 3; All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: The specifications and curves given are for one side only. Therefore, the total package dissipation and supply currents will be double the 
values given when both receivers are operated under identical conditions. 
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DS7820/DS8820 








Line Drivers/Receivers 


DS7820A/DS8820A dual line receiver 


general description 

The DS7820A and the DS8820A are improved 
performance digital line receivers with two com- 
pletely independent units fabricated on a single 
silicon chip. Intended for use with digital systems 
connected by twisted pair lines, they have a differ* 
ential input designed to reject large common mode 
signals while responding to small differential sig- 
nals. The output is directly compatible with RTL, 
DTL or TTL integrated circuits. Some important 
design features include; 

■ Operation from a single +5V logic supply 

■ Input voltage range of ±15V 

■ Strobe low forces output to "1" state 

■ High input resistance 


■ Fanout of ten with either DTL or TTL inte- 
grated circuits 

■ Outputs can be wire OR'ed 

■ Series 54/74 compatible 

The response time can be controlled with an ex- 
ternal capacitor to reject input noise spikes. The 
output state is a logic "1" for both inputs open. 
Termination resistors for the twisted pair line are 
also included in the circuit. Both the DS7820A 
and the DS8820A are specified, worst case, over 
their full operating temperature range (-55“C 
to 125°C and 0°C to 70°C respectively), over the 
entire input voltage range, for ±10% supply volt- 
age variations. 


schematic and connection diagrams 


RESPONSETIME 

CONTROL 



Duai-ln-Line Package 



TOP VIEW 

Order Number DS7820AJ or DS8820AJ 
Order Number DS8820AN 
Order Number DS7820AW or DS8820AW 


typical applications 


Differential Line Driver and Receiver 


C1 .01 



Single Ended (EIA-RS232C) Receiver with Hysteresis 


1N914 
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DS7820A/DS8820A 



DS7820A/DS8820A 


absolute maximum ratings 

(Note 1) 

operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

8.0V 

Supply Voltage (V^c) 



Common-Mode Voltage 

±20V 

DS7820A 4.5 

5.5 

V 

Differential Input Voltage 

±20V 

DS8820A 4.75 

5.25 

V 

Strobe Voltage 
Output Sink Current 
Power Dissipation 
Storage Temperature Range 

8.0V 
50 mA 
600 mW 
-65'’Cto 150°C 

Temperature (Ta) 

DS7820A -55 

DS8820A 0 

+125 

+70 

°c 

°c 

Lead Temperature (Soldering, 10 sec) 

300° C 





electrical characteristics (Notes 2 , 3, 4 and 5) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VjH Differential Threshold Voltage 

Iqut ” 400/iA, 
Vout>2.5V 
Iqut ~ +16 mA, 

Vout<0.4V 

-3V<Vcm <+3V 


0.06 

0.5 

V 

-15V< Vcm <+15V 


0.06 

1.0 

V 

-3V < Vcm < +3V 


-0.08 

-0.5 

V 

-15V < Vcm <+15V 


-0.08 

-1.0 

V 

Ri“ Inverting Input Resistance 

-15V< Vcm <+15V 

3.6 

5 


kL2 

R|+ Non-Inverting Input Resistance 

-15V < Vcm <+15V 

1.8 

2.5 


kn 

Rj Line Termination Resistance 

Ta = 25°C 

120 

170 

250 


li“ Inverting Input Current 

Vcm'= 15V 


3.0 

4.2 

mA 

Vcm = OV 


0 

-0.5 

mA 

Vcm =-15V 


-3.0 

-4.2 

mA 

li+ Non-Inverting Input Current 

Vcm = 15V 


5.0 

7.0 

mA 

Vcm - OV 


-1.0 

-1.6 

mA 

Vcm =-15V 


-7.0 

-9.8 

mA 

Ice Power Supply Current 

•out = Logical "0” 

> 

5 

> 

VcM = 15V 


3.9 

6.0 

mA 

VcM =-15V 


9.2 

14.0 

mA 

Vp,pp=-0.5V, VcM=0V 


6.5 

10.2 

mA 

Vqh Logical "1" Output Voltage 

iouT ~ 400/iA, Vqipp - IV 

2.5 

4.0 

5.5 

V 

Vql Logical "0" Output Voltage 

Iqut ~ “^lO mA, V^pp - -1V 

0 

0.22 

0.4 

V 

VsH Logical "1" Strobe Input Voltage 

Iqut = +16 mA, Vqut < 0.4V, V^pp = -3V 

2.1 



V 

VsL Logical "0" Strobe Input Voltage 

louT = -400mA, Vqut > 2.5V, Vd,ff = “3V 



0.9 

V 

IsH Logical "1" Strobe Input Current 

VsTROBE =5.5 V,Vdiff =3V 


0.01 

5.0 

fxA 

IsL Logical "0" Strobe Input Current 

VsTROBE ~ 0.4V, VpipF = -3V 


-1.0 

-1.4 

mA 

Isc Output Short Circuit Current 

Iqut ~ OV, Vec “ 5.5V, Vg-ppoBE ~ OV 

-2.8 

-4.5 

-6.7 

mA 

switching characteristics 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdo Propagation Delay, Differential 

Input to "0" Output 

Vec = 5V, Ta = 25°C 


30 

45 

ns 

tpdi Propagation Delay, Differential 

Input to "1" Output 

Vec = 5 V,Ta =25°C 


27 

40 

ns 

tpdo Propagation Delay, Strobe 

Input to "0" Output 

Vec = 5V, Ta = 25°C 


16 

25 

ns 

fpdi Propagation Delay, Strobe 

Input to "1" Output 

Vec = 5V, Ta = 25°C 


18 

30 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2:These specifications apply for 4.5V < Vqq < 5.5V, -15V < Vcm < 15V and -55°C < T^ < +125°C for the DS7820A or 0°C < T^ < 
+70°C for the DS8820A unless otherwise spedified. Typical values given are for V^q = 5.0V, Ta “ 25°C and Vqi\/| = OV Unless stated differently. 
Note 3; All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: The specifications and curves given are for one side only. Therefore, the total package dissipation and supply currents will be double the 
values given when both receivers are operated under identical conditions. 
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Line Drivers/Receivers 

Advance Information'' 


NATIONAL 


DS78LS20/DS88LS20 dual differential line receiver 


general description 

The DS78LS20 and DS88LS20 are high performance 
dual differential line receivers for both balanced and 
unbalanced digital data transmission. The inputs are 
compatible with EIA and Federal Standards, and the 
Schottky-clamped output gate is fully compatible with 
low power Schottky logic (54 LS). Input specifications 
meet or exceed those of the popular DS7820 line 
receiver, and the pinout Is identical. 

A response pin is provided for controlling sensitivity to 
input noise spikes with an external capacitor. Each 
receiver includes a 180 ohm terminating resistor, which 
may be used optionally on twisted pair lines. The 
DS78LS20 Is specified over a -55°C to +125°C opera- 
ting temperature range, and the DS88LS20 over a 0°C to 
+70°C range. 


features 

■ Full compatibility with EIA Standards RS-232-C, 
RS-422 and RS-423, and Federal Standards 1020 and 
1030 

■ Input voltage range of ±15V (differential or common- 
mode) 

■ Separate strobe Input for each receiver 

■ 5k Input Impedance 

■ 50 mV input hysteresis 

■ 200 mV input threshold 

■ Fanout 10 54LS/74LS gate inputs 

■ Operation from single +5V, ±10% supply 


connection diagram 


Dual-in-Line Package 


TERMI- RESPONSE 

INPUT NATION HNPUT STROBE TIME OUTPUT 



-INPUT TERMI- +INPUT STROBE RESPONSE OUTPUT GND 
NATION TIME 

TOP VIEW 

Order Number 

DS78LS20J , DS88LS20J , DS88LS20N 
or DS78LS20W 


^Specifications may change 
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DS78LS20/DS88LS20 






DS78LS20/DS88LS20 


absolute maximurn ratings (Notet) 


operating conditions 


Supply Voltage 8.0V 

Common-Mode Voltage ±25V 

Differential Input Voltage ±25 V 

Strobe Voltage 8.0V 

Output Sink Current 50 mA 

Power Dissipation 600 mW 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Supply Voltage (Vqc) 4.5 

Temperature (T/^) 

DS78LS20 -55 

DS88LS20 0 

Common-Mode Voltage (Vq|\/|) -15 

Differential Input Voltage (VQipp) 


electrical characteristics (Notes 2 and 3) 


Differential Threshold Voltage 


Input Resistance 

Line Termination Resistance 


Data Input Current (Unterminated) | Vqm = 15V 


Power Supply Current 
Logical "1" Output Voltage 


Logical "0" Output Voltage 


Logical "0" Strobe Input Voltage 


Logical "1" Strobe Input Current J Vstrobe ~ 5.5V, Vqiff ~ 3V 


Logical "0" Strobe Input Current 


Output Short Circuit Current 



-7V < VcM < 7V, (Note 6) 


15V < VcM <-15V, Vdiff =-0.5V, (Note 5) 


louT =-400iuA, Vdifp = IV 


Vqiff - IV 


Logical "1" Strobe Input Voltage Iqut ~ ^ Vqut ^ 0.4V, Vqjff ~ ~3V 


louT = -400juA, VouT > 2.5V, Vd.ff = ~3V 


^STROBE -OV, Vqiff ~ 3V 


VouT = OV, Vcc = 5.5V, Vstrobe = OV, (Note 4) 


switching characteristics 


Differential Input to "0" 

Output 

Differential Input to "1" 

Output 

Strobe Input to "0" Output 
Strobe Input to "1" Output 


Vcc = 5V, Ta = 25 C 


Vcc = 5V, Ta = 25 A 


Vcc = 5V, Ta = 25”C 
Vcc = 5V, Ta = 25°C 


TYP MAX UNITS 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55° C to +1 25° C temperature range for the DS78LS20 and across the 0°C to 
+70° C range for the DS88LS20. All typical values are for T/\ = 25° C, Vcc ~ and Vcm “ OV. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All , 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: The specifications given are for one side only. Therefore, the total package dissipation and supply currents will be double the values given 
when both receivers are operated under identical conditions. 

Note 6: Refer to EIA-RS-422 for exact conditions. 
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NATIONAL 


Line Drivers /Receivers 


DS7822/DS8822 dual line receiver 


general description 

The DS7822/DS8822 is a dual inverting line 
receiver which meets the requirements of EIA 
specification RS232 Revision B. The device con- 
tains both receivers on a single monolithic silicon 
chip. The receivers share common power supply 
and ground connections, otherwise their operation 
is fully independent. 

In addition to meeting the requirements of RS232, 
the DS7822/DS8822 also has independent strobe 
inputs which allow the receiver to be placed in the 


high state independent of the information being 
received at the input. 

The output of the DS7822/DS8822 is completely 
compatible with 5V DTL and TTL logic families. 

The DS7822 is specified for operation over the 
-55°C to -M25°C military temperature range. The 
DS8822 is specified for operation over the 0°C to 
-t-70°C temperature range. 


connection diagram 

Dual-ln-Line Package 


Vcc INPUT * ** STROBE * OUTPUT 



INPUT * •* STROBE « OUTPUT GND 


*Make no connection to these pins. 

**For operation requiring "Mark Hold" with the input open connect a 470n 
resistors from each of these pins to ground. 

Order Number DS7822J 
or DS8822N 


typical connection 
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DS7822/DS8822 




absolute maximum ratings (Notei) operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

8.0V 

Supply Voltage (Vqq) 




Input Voltage 

±30V 

DS7822 

4.5 

5.5 

V 

Strobe Voltage 

8.0V 

DS8822 

4.75 

5.25 

V 

Output Sink Current 

25 mA 

Temperature (T/\) 




Power Dissipation 

600 mW 




Operating Temperature Range DS7822 -55°C 

to +125°C 

DS7822 

-55 

+125 

°c 

DS8822 

C to 70°C 

DS8822 

0 

+70 

°c 

Storage Temperature Range -65°C 

to +150°C 





Lead Temperature (Soldering, 10 sec) 

300°C 






electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vth- 

Negative Input Threshold Voltage 


VouT > 2.5V 

-2.0 



V 

Vth" 

Positive Input Threshold Voltage 


VouT <0-4V, (Note 4) 



2.0 

V 

R|N 

Input Resistance 



3.0 

5.0 

7.0 

ka 

l|N 

Input Current 


V,N = 25V 

3.57 

5 

8.33 

mA 




> 

o 

II 

2 

> 


0 


mA 




|v,m=-25V I 

-8.33 

-5 

-3.57 

mA 

V|o 

Open Circuit Input Voltage 


> 

o 

II 

2 

> 


0.03 

0.5 

V 

VoH 

Logical "1" Output Voltage 


Iqut ^ 0.2 mA 

2.5 



V 

VoL 

Logical "0" Output Voltage 


Iqut ~ 3.5 mA 



0.4 

V 

•sT 

Strobe Current 


VsTROBE ~ 0-4V 


1.0 

1.4 

mA 




^STROBE 5.5V 


-5.0mA 

-1.0 mA 


• cc 

Power Supply Current (Both Receivers) 


-25V< V,N <25V 



24.0 

mA 

tr 

Response Time, t^ or t 2 


Ta = 25'^C, Vcc = 5.0V, 
Input Ramp Rate < 10 ns 


65 

125 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Min/max limits apply across the guaranteed temperature range of-55®C to +125°C for the DS7822 and 0°C to +70°C for the DS8822 
unless otherwise specified. Likewise the limits apply across the guaranteed Vqq range of 4.5V to 5.5V for the DS7822 and 4,75V to 5.25V for 
the DS8822 unless otherwise specified. Typical values are given for Vqq = 5.0V and T^ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Since the EIA RS-232 specification requires the threshold to be between — 3V and +3V, the immunity limits shown here guarantee IV 
additional noise immunity. 
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typical performance characteristics 


Threshold Voltage vs Supply Voltage Response Time vs Input Ramp Time 




SUPPLY VOLTAGE (V) 


INPUT RAMP TIME (ns) 



4 4.5 5 5.5 6 

SUPPLY VOLTAGE (V) 


Transfer Function 



-0.4 -0.2 0 0.2 0.4 


DIFFERENTIAL INPUT VOLTAGE IV) 



switching time waveforms 



ac test circuit 



Internal Power Dissipation 


— I 1 — I — — — 

Vcc -5.0V 

Ta =25 C 

470S2 RESISTOR _ 
CONNECTED FROM 
PIN3 TO GROUND ~ 



25 -20 -15 -10 -5 0 +5 +10 +15 +20 +25 


INPUT VOLTAGE (V) 


Output Voltage Levels 


output high 


Vcc = 5.0V 


output LOW 


75 -25 0 25 75 125 

TEMPERATURE ("O 


DS7822/DS8822 



DS7830/DS8830 


h 



nahonal 


Line Drivers/Receivers 


DS7830/DS8830 dual differential line driver 


general description 

The DS7830/DS8830 is a dual differential line 
driver that also performs the dual four-input NAND 
or dual four-input AND function. 

TTL (Transistor-Transistor- Logic) multiple emitter 
inputs allow this line driver to interface with stan- 
dard TTL or DTL systems. The differential outputs 
are balanced and are designed to drive long lengths 
of coaxial cable, strip line, or twisted pair trans- 
mission lines with characteristic impedances of 
50^2 to soon. The differential feature of the 
output eliminates troublesome ground-loop errors 


normally associated with single-wire transmissions. 

features 

■ Single 5 volt power supply 

■ Diode protected outputs for termination of 
positive and negative voltage transients 

■ Diode protected inputs to prevent line ringing 

■ High Speed 

■ Short Circuit Protection 


schematic*and connection diagrams 



Dual-In-Line and Flat Package 


AND NAND 
OUTPUT OUTPUT 


1 




h I- 

h 

iBn 

1 

■i 


=d 


BBS 

■III 

1 

n 

ill 



Is 


— 

B 

liS 

p 

I 

i 


2 

3 

4 


9 


AND NAND GND 
OUTPUT OUTPUT 


TOP VIEW 

Order Number DS7830J or DS8830J 
Order Numjier DS8830N 
Order Number DS7830W or DS8830W 


*2 PER PACKAGE. 


typical application 


Digital Data Transmission 


cit 

0.01#iF 
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absolute maximum ratings (NoteD 


operating conditions 


Vcc 7.0V 

Input Voltage 5.5V 

Storage Temperature -65° C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

Output Short Circuit Duration (125°C) 1 second 


Supply Voltage (Vqq) 
DS7830 
DS8830 

Temperature (T/\) 
DS7830 
DS8830 


electrical characteristics (Notes 2 and 3 ) 


PARAMETER 


V|H Logical "1" Input Voltage 

V,L Logical '"0" Input Voltage 

Vqh Logical "1" Output Voltage 

V|(vi - 0.8V 

Vql Logical "0" Output Voltage 

V|(y| — 2.0V 

liH Logical "1" Input Current Vi^ = 2.4V 

V,M =5.5V 


Logical "0" Input Current 
Output Short Circuit Current 
Supply Current 


CONDITIONS 


Iqut ~ ~0.8 mA 
Iqut “ tjA 
Iqut “ 32 mA 
Iqut = 40 mA 


Vcc = 5.0V, Ta = 125°C, (Note 4) 
V||v} = 5.0V, (Each Driver) 


MIN MAX UNITS 


-55 +125 

0 +70 


MIN 

IBSi 

MAX 1 

UNITS 

2.0 

V 


0.8 

V 

2.4 

V 

1.8 

3.3 

V 

0.2 

0.4 

V 

0.22 

0.5 

V 


120 

ma 


2 

mA 


4.8 

mA 

40 

100 

120 

mA 

11 

18 

mA 


switching characteristics 

PARAMETER 


tpdi Propagation Delay AND Gate 

^pdO 

tpdi Propagation Delay NAN D Gate 

tpdO 

ti Differential Delay 

t 2 Differential Delay 


CONDITIONS 

Ta = 25°C, Vcc = 5.0V, 
Cl = 15 pF, (Figure 1) 

Ta = 25°C, Vcc = 5.0V, 
Cl = 15 pF, (Figure 1) 

Load, 10012 and 5000 pF, 
(Figure 2} 

Load, 10012 and 5000 pF, 
(Figure 


12 



Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7830 and across the 0°C to 
+70°C range for the DS8830. Typical values are for Ta = 25°C and Vqq = 5.0V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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DS7830/DS8830 
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Line Drivers/Receivers 


NATIONAL 


DS7831/DS8831. DS7832/DS8832 TRI-STATE® line driver 
general description 


Through simple logic control, the DS7831/ 
DS8831, DS7832/DS8832 can be used as either 
a quad single-ended line driver or a dual differential 
line driver. They are specifically designed for 
party line (bus-organized) systems. The DS7832/ 
DS8832 does not have the Vcc clamp diodes 
found on the DS7831/DS8831. 

The DS7831 and DS7832 are specified for opera- 
tion over the — 55°C to +125°C military tempera- 
ture range. The DS8831 and DS8832 are specified 
for operation over the 0°C to -»-70‘’C temperature 
range. 

features 

■ Series 54/74 compatible 

■ 17 ns propagation delay 

■ Very low output impedance— high drive 
capability 

■ 40 mA sink and source currents 

■ Gating control to allow either single-ended or 
differential operation 


connection and logic diagram 

Dual-in-Line Package 

... OlFf EBENTIAU 

* OUTPUT INPUT OUTPUT INPUT SINGLE-ENDED 

„ ENABLE *2 »2 41 41 MODE CONTROL 



■ High impedance output state which allows 
many outputs to be connected to a common 
bus line. 

mode of operation 

To operate as a quad single-ended line driver apply 
logical "0"s to the Output Disable pins (to keep 
the outputs in the normal low impedance mode) 
and apply logical "0"'s to both Differential/ 
Single-ended Mode Control inputs. All four 
channels will then operate independently and no 
signal inversion will occur between inputs and 
outputs. 

To operate as a dual differential line driver apply 
logical "O's to the Output Disable pins and apply 
at least one logical "1" to the Differential/Single- 
ended Mode Control inputs. The inputs to the A 
channels should be connected together and the 
inputs to the B channels should be connected to- 
In this mode the signals applied to the resulting 
inputs will pass non-inverted on the A 2 , and B 2 out- 
puts and inverted on the Ai and Bi outputs. 

When operating in a bus-organized system with 
outputs tied directly to outputs of other 

(continued) 


Order Number DS7831J, DS8831J, 
DS7832J, DS8832J, OS8831N, 
DS8832N, DS7831W, 
or DS7832W 


OUTPUT INPUT OUTPUT INPUT DIFFERENTIAL/ 6N0 
B2 B2 81 BI SINGLE-ENDEO 

MODE CONTROL 

TOP VIEW 


truth tabiG (Shown for A Channels Only) 


"A" OUTPUT 

DISABLE 

DIFFERENTIAL/ 
SINGLE ENDED 
MODE CONTROL 

INPUT AI 

OUTPUT AI 

INPUT A2 

OUTPUT A2 

0 

0 

0 

0 

Logical "1" or 
Logical “0" 

Same as , 
Input AI 

Logical "1" or 
Logical “0" 

Same as 
Input A2 

0 

0 

X 1 

1 X 

Logical "1" or 
Logical "0“ 

Opposite of 
Input AI 

Logical "1 " or 
Logical "0" 

Same as 
Input A2 

1 

X 

X 

1 

X 

X 

X 

High 

impedance 

state 

X 

High 

irhpedance 

state 


DS7831/DS8831, DS7832/DS8832 




DS7831/DS8831, DS7832/DS8832 


absolute maximum ratings (Notei) operating conditions 


Supply Voltage 

7V 

Supply Voltage (Vcc) 

MIN 

MAX 

UNITS 

Input Voltage 

5.5V 

DS7831, DS7832 

4.5 

5.5 

V 

Output Voltage 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec.) 

5.5V 

-65°Cto +150“C 
300°C 

DS8831, DS8832 
Temperature (T/^) 

4.75 

5.25 

V 

Time that 2 bus-connected devices may 


DS7831, DS7832 

-55 

+125 

°c 

be in opposite low impedance states 


DS8831, DS8832 

0 

+70 

°c 


simultaneously oo 

r 

electrical characteristics (Notes 2 and 3) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H Logical "1" Input Voltage 

Vec = Min 

2.0 



V 

V|L Logical "0" Input Voltage 


imu 

umii 

0.8 

V 

Vqh Logical "1" Output Voltage 

DS7831, DS7832 



mam 

2.3 


V 

Iq = -2 mA 

2.4 

2.7 


V 

DS8831, DS8832 

lo = -40 mA 

1.8 

2.5 


V 

IIQQQQQjlllll 

2.4 

2.9 



Vql Logical "0" Output Voltage 

DS7831.DS7832 


lo = 40 mA 


0.29 

0.50 


1 o = 32 mA 




BBB 

DS8831, DS8832 

lo = 40 mA 


|||||||QQ|][|||| 

0.50 

V 

lo ~ 32 mA 




V 

liH Logical "1" Input Current 

Vec = Max 

DS7831,DS7832, V,N =5.5V 



1 

mA 

DS8831, DS8832, V,n = 2.4V 



40 

mA 

liL Logical "0" Input Current 

Vcc = Max, V,^j = 0.4V 



-1.6 

mA 

Iqd Output Disable Current 

Vec = Max, Vo = 2.4V or 0.4V 

-40 


40 

iUA 

Isc Output Short Circuit Current 

Vcc = Max, (Note 4) 

-40 

-100 

-120 

mA 

Ice Supply Current 

Vcc Miax 


65 


mA 

VcLi Input Diode Clamp Voltage 

Vcc = 5.0V, Ta = 25°C, I,n = -12 mA 



-1.5 

V 

VcLo Output Diode Clamp Voltage 

Vcc = 5.0V, 
Ta = 25-C 

Iqut ~ 12 mA 

DS7831/DS8831 

DS7832/DS8832 

■ 


-1.5 ’ 

V 

tBSBBlI 

DS7831/DS8831 



Vcc+1-5 

V 

switching characteristics 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

fpdo Propagation Delay to a Logical "0" 

from Inputs A1, A2, B1, B2 
Differential Single-ended Mode 
Control to Outputs 

Vcc = 5.0V, Ta = 25°C 


■ 

25 



ns 

tpdi Propagation Delay to a Logical "1" 

from Inputs A1, A2, B1, B2 - 
' Differential Single-ended Mode 

Control to Outputs 

Vcc = 5.0V, Ta = 25°C 


■ 


ns 

tiH Delay from Disable Inputs to High 

Impedance State (from Logical "1" 
Level ) 

Vcc = 5.0V, Ta = 25°C 




ns 

toH Delay from Disable Inputs to High 

Impedance State (from Logical "0" 
Level) 

Vcc = 5.0V, Ta = 25°C 

r" 



ns 

tni Propagation Delay from Disable Inputs 

to Logical "1" Level (from High 
Impedance State) 

Vcc = 5.0V, Ta = 25°C 




ns 

tno Propagation Delay from Disable Inputs 

to Logical, "0" Level (from High 
Impedance State) 

Vcc = 5.0V, Ta = 25°C 




ns 


Note 1; "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 


Note 2: Unless otherwise specified min/max limits apply across the ~^5°C to +125°C temperature range for the DS7831 and DS7832 and across 
the 0°C to +70°C range for the DS8831 and DS8832. All typical values are for T/\ = 25°C and Vqc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Applies for T/j^ = 1 25°C only . Only one output should be shorted at a time. 


3-38 









































mode of operation (cont.) 

DS7831/DS8831's, DS7832/DS8832's (Figure 

1), all devices except one must be placed in the 
"high impedance" state. This is accomplished by 
ensuring that a logical "1" is applied to at least 
one of the Output Disable pins of each device 
which is to be in the "high impedance" state. A 
NOR gate was purposely chosen for this function 
since it is possible with only two DM5442/ 
DM7442, BCD-to-decimal decoders, to decode as 
many as 100 DS7831/DS8831 's, DS7832/ 

DS8832's (Figure 2). 

The unique device whose Disable inputs receive 
two logical "0" levels assumes the normal low 


impedance output state, providing good capacitive 
drive capability and waveform integrity especially 
during the transition from the logical "0" to 
logical "1" state. The other outputs— in the high 
impedance state— take only a small amount of 
leakage current from the low impedance outputs. 
Since the logical "T' output current from the 
selected device is 100 times that of a conventional 
Series 54/74 device (40 mA vs. 400 juA), the 
output is easily able to supply that leakage current 
for several hundred other DS7831/DS8831's, 
DS7832/DS8832's and still have available drive 
for the bus line (Figure 3). 


BUSLINES 


SELECTED AS 
DRIVING 
DEVICE 


GATED INTO 
THIRD STATE 


GATED INTO 
THIRD STATE 



Figure 1 



FOR DRIVING OTHER TTL INPUTS 


SELECTED AS 
DRIVING DEVICE 


GATED INTO 
HI IMPEDANCE 
STATE 


GATED INTO 
HI IMPEOANCE 
STATE 



Figure 3 
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DS7831/DS8831, DS7832/DS8832 




0S7831/DS8831, DS7832/DS8832 





INVERTED 

OUTPUT 


NONINVERTEO 

OUTPUT 





DS7833/DS8833, DS7835/DS8835 


NATIONAL 


Line Drivers/Receivers 


DS7833/DS8833, DS7835/DS8835 quad 
TRI-STATE® party line transceivers 


general description 

This family of TRI-STATE Party Line Transceivers 
offer extreme versatility in bus organized data 
transmission systems. The data bus may be unter- 
minated, or terminated dc or ac, at one or both 
ends. Drivers in the third (high impedance) state 
load the data bus with a negligible leakage current. 
The receiver input current is low allowing at least 
100 driver/receiver pairs to utilize a single bus. 
The bus loading Is unchanged when Vgc = OV. 
The receiver incorporates hysteresis to provide 
greater noise immunity. Ail devices utilize a high 
current TRI-STATE output driver. The DS7833/ 
DS8833 and DS7835/DS8835 employ TRI-STATE 
outputs on the receiver also. 

The DS7833/DS8833 are non-inverting quad 
transceivers with a common inverter driver disable 
control and a common inverter receiver disable 
control. 

The DS7835/DS8835 are inverting quad trans- 
ceivers with a common inverter driver disable 
control and a common inverter receiver disable 
control. 


features 

■ Receiver hysteresis 400 mV typ 

■ Receiver noise immunity 1.4V typ 

■ Bus terminal current for SOfxA max 

normal Vcc or Vqc = OV 

■ Receivers 

Sink 16 mA at 0.4V max 

Source 2.0. mA (Mil) at 2.4V min 

5.2 mA (Com) at 2.4V min 

■ Drivers 

Sink 50 mA at 0.5V max 

32 mA at 0.4V max 
Source 10.4 mA (Com) at 2.4V min 

5,2 mA (Mil) at 2.4V min 

■ Drivers have TR I -STATE outputs 

■ DS7833/DS8833, DS7835/DS8835 receivers 
have TRI-STATE outputs 

■ Capable of driving 10012 dc— terminated buses 

■ Compatible with Series 54/74 


connection diagrams 


Dual-ln-Line and Flat Package 


Dual-1 n-Line and Flat Package 


DRIVER 


Vcc BUSd INo OUTo BUSc INc OUTc DISABLE 


mm 

F 

nix 


HB 


BUSa INa OUTa BUSb INb OUTb RECEIVER GND 
DISABLE 

TOP VIEW 


Order Number DS7833J, DS8833J, 
DS8833N or DS7833W 



TOP VIEW 

Order Number DS7835J, DS8835J, 
DS8835N or DS7835W 
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absolute maximum ratings (Notei) operating conditions 







MIN MAX UNITS 

Supply Voltage 

7.0V Supply Voltage (Vcc) 





Input Voltage 

5.5V DS7833, DS7835 

4.5 5.5 

V 

Output Voltage 

5.5V 

DS8833, DS8835 

4.75 5.25 

V 

Storage Temperature -es^C to +1 50»C Temperature (Ta> 

Lead Temperature (Soldering, 10 seconds) 300°C DS7833 DS7835 

-55 -M25 

°c 



DS8833, DS8835 

0 

+70 

°c 

electrical characteristics (Notes 2 and 3 ) 






PARAMETER 


CONDITIONS 


MIN 

_ TYP_ 

MAX 

UNITS 

DISABLE/DRIVER INPUT | 

ViH High Level Input Voltage 

Vcc “ * 

2.0 



V 

V||_ Low Level Input Voltage 

Vcc = Min 



0.8 

V 

liH High Level Input Current 

Vcc “ Max 

V,M = 2.4V 



40 

pA 


V|N = 5.5V 



1.0 

mA 

liL Low Level Input Current 

Vcc = Max, V,N = 0.4V 


-1.0 

-1.6 

mA 

VcL Input Clamp Diode 

Vcc = 5.0V, l|N=-12mA, T^ = 25°C 


-0.8 

-1.5 

V 

I IT Driver Low Level Disabled 

Driver Disable Input = 

2.0V, V,N = 0.4V 




-40 

ma 

Input Current 








RECEIVER INPUT/BUS OUTPUT | 

VjH High Level Threshold Voltage 



DS7833, DS7835 

1.4 

1.75 

2.1 

V 




DS8833, DS8835 

1.5 

1.75 

2.0 

V 

VjL Low Level Threshold Voltage 



DS7833, DS7835 

0.8 

1.35 

1.6 

V 




DS8833, DS8835 

0.8 

1.35 

1.5 

V 

Ib Bus Current, Output Disabled 

Veus = 4.0V 

Vcc = Max 


25 

80 

HA 

or High 

< 

o 

< 


5.0 

80 

ma 


Vcc = Max, Vbus = 0.4V 


-2.0 

-40 

ma 

Vqh Logic "1" Output Voltage 

Vcc = Min 

Iqut ~ 5.2 mA 

DS7833, DS7835 

2.4 

2.75 


V 


Iqut “ ““1 0.4 m A 

DS8833, DS8835 

2.4 

2.75 


V 

Vql Logic "0" Output Voltage 


Iqut “ 50 mA 


0.28 

0.5 

V 



Iqut ^ 32 mA 



0.4 

V 

Iqs Output Short Circuit Current 

Vcc ^ Max, (Note 4) 

-40 

-62 

-120 

mA 

RECEIVER OUTPUT | 

Vqh Logic "1" Output Voltage 

Vcc = Min 

Iqut ~ 2.0 mA 

DS7833, DS7835 

2.4 

3.0 


V 


louT “ “5.2 mA 

DS8833, DS8835 

2.4 

2.9 


V 

Vql Logic "0" Output Voltage 

Vqq — Min, Iqut ~ 16 mA 


0.22 

0.4 

V 

Iqt Output Disabled Current 

Vcc ~ Max, Disable 

VouT = 2.4V 



40 

U.A 


Inputs = 2.0V 

VouT = 0-4V 



-40 

ma 

Iqs Output Short Circuit Current 

Vcc “ Max, (Note 4) 

DS7833, DS7835 

-28 

, -40 

-70 

mA 

DS8833, DS8835 

-30 


-70 

m A 

Icc Supply Current 

Vqq “ Msx 


75 

95 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except 
for "Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The 

table of "Electrical Characteristics" provides conditions for actual device operation. 





Note 2: Unless otherwise specified min/max limits apply across the -55°C to -M25°C temperature range for the DS7833, 
DS7835 and across the 0°C to -p 70°C range for the DS8833, DS8835. All typicals are given for Vqc ~ 5.0V and T^ = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless 

otherwise noted. All values shown as max or min on absolute value basis. 






Note 4: Only one output at a time should be shorted. 
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DS7833/DS8833, DS7835/DS8835 




DS7833/DS8833, DS7835/DS8835 


switching characteristics Vcc = 50v, Ta = 25°c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdo Propagation Delay to a 

Logic "0" From Input 
to Bus 

(Figure 1) 

DS7833/DS8833 


14 

30 

ns 

DS7835/DS8835 


10 

20 

ns 

tpdi Propagation Delay to a 

Logic "1" From Input 
to Bus 

(Figure 1} 

DS7833/DS8833 


14 

30 

ns 

DS7835/DS8835 


11 

30 

ns 

tpdo Propagation Delay to a 

Logic "0" From Bus 
to Output 

(Figure 2} 

DS7833/DS8833 


24 

45 

ns 

DS7835/DS8835 


16 

35 

ns 

tpdi Propagation Delay to a 

Logic “1" From Bus 
to Output 

(Figure 2) 

DS7833/DS8833 


12 

30 

ns 

DS7835/DS8835 


. 18 

30 

ns 

tiH Delay From Disable 

Input to High Impedance 
State (From Logic "1" Level) 

Cl = 5.0 pF, (Figures 1 and 2) 

Driver 


8.0 

20 

ns 

Receiver 


6.0 

15 

ns 

toH Delay From Disable Input to 

High Impedance State (From 
Logic “0" Level) 

Cl = 5.0 pF, (Figures 1 and 2) 

Driver 


20 

35 

ns 

Receiver 


13 

25 

1 

ns 

tni Delay From Disable Input to 

Logic "1" Level (From High 
Impedance State) 

Cl = 50 pF, (Figures 1 and 2) 

Driver 


24 

40 

ns 

Receiver 


16 

35 

ns 

tno Delay From Disable Input to 

Logic "0" Level (From High 
Impedance State) 

Cl = 50 pF, (Figures 1 and 2) 

Driver 


19 

35 

ns 

Receiver DS7833 


15 

30 

ns 

Receiver DS7835 


33 

50 

ns 

fiviAX Maximum Clock Frequency 







ac test circuits 




FIGURE 1. Driver Output Load FIGURE 2. Receiver Output Load 


switching time waveforms 

• • \ 

tpdl & tpdO toH 



t, = t,:^10ns(10%to90%) 
DUTY CYCLE = 50% 
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DS7833/DS8833, DS7835/DS8835 




DS7834/DS8834, DS7839/DS8839 


Line Drivers/ Receivers 

NATIONAL 

DS7834/DS8834, DS7839/DS8839 quad 
TRI-STATE® party line transceivers 



general description 


features 


This family of TRI-STATE party line transceivers offer 
extreme versatility in bus organized data transmission 
systems. The data bus may be unterminated, or termi- 
nated dc or ac, at one or both ends. Drivers in the third 
{high impedance) state load the data bus with a negligible 
leakage current. The receiver input current is low allow- 
ing at least 100 driver/receiver pairs to utilize a single 
bus. The bus loading is unchanged when Vcc = OV. The 
receiver incorporates hysteresis to provide greater noise 
immunity. Both devices utilize a high current TRI- 
STATE output driver. The DS7834/DS8834 and DS7839/ 
DS8839 employ TTL outputs on the receiver. 

The DS7839/DS8839 are non-inverting quad transceivers 
with two common inverter driver disable controls. 

The DS7834/DS8834 are inverting quad transceivers 
with two common inverter driver disable controls. 


■ Receiver hysteresis 

■ Receiver noise immunity 

■ Bus terminal current for 
normal Vcc o'" Vcc OV 


400 mV typ 
1.4 V typ 
80 m A max 


■ Receivers 

Sink 16 mA at 0.4V max 

Source 2.0 mA (Mil) at 2.4V min 

5.2 mA (Com) at 2.4V min 

■ Drivers 

Sink 50 mA at 0.5V max 

32 mA at 0.4V max 
Source 10.4 mA (Com) at 2.4V min 

5.2 mA (Mil) at 2.4V min 


■ Drivers have TRI-STATE outputs 

■ Receivers have TR I -STATE outputs 

■ Capable of driving 10012 dc— terminated buses 

■ Compatible with Series 54/74 


connection diagrams 


Dual-In-Line and Flat Package 


Dual-1 n-Line and Flat Package 




Order Number DS7834J, DS8834J 
DS8843N or DS7834W 


Order Number DS7839J, DS8839J, 
DS8839N or DS7839W 
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absolute maximum ratings (Notei) 

Supply Voltage 7.0V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering, 10 Seconds) 300°C 

operating conditions 

MIN 

Supply Voltage 

DS7834, DS7839 4.5 

DS8834, DS8839 4.75 

Temperature (T^i\) 

DS7834, DS7839 -55 

DS8834, DS8839 0 

MAX 

5.5 

5.25 

-1-125 

+70 

UNITS 

V 

V 

°c 

°c 

dc electrical characteristics (Notes 2 and 3) 








PARAMETER 


CONDITIONS 



MIN 

TYP 

MAX 

UNITS 

DISABLE/DRIVER INPUT | 

V|H 

High Level Input Voltage 

Vcc = Min 

2.0 

— 


V 

V,L 

Low Level Input Voltage 

Vcc ~ Min 



0.8 

V 

l|H 

High Level Input Current 

Vcc " Max 

V,N =2.4V 



40 

iUA 



V,N = 5.5V 



1.0 

mA 

IlL 

Low Level Input Current 

Vcc = Max, V 

N = 0.4V 



-1.0 

-1.6 

mA 

'iND 

Driver Disabled Input Low 
Current 

Driver Disable Input = 2.0V, V|n = 0.4V 



-40 

ma 

VCL 

Input Clamp Diode 

Vcc = 5.0V, • 

fsj ~ 12 mA, T^ — 25 

C 


-0.8 

-1.5 

V 

RECEIVER INPUT/BUS OUTPUT | 

Vth 

High Level Threshold Voltage 



DS7834, DS7839 

1.4 

1.75 

2.1 

V 





DS8834, DS8839 

1.5 

1.75 

2.0 

V 

Vtl 

Low Level Threshold Voltage 



DS7834, DS7839 

0.8 

1.35 

1.6 

V, 





DS8834, DS8839 

0.8 

1.35 

1.5 

V 

•bh 

Bus Current, Output Disabled or 
High 

Vbus = 4.0V 

Vcc “ Max, 

Disable Input = 2.0V 


25 

80 





> 

o 

II 

o 

o 

> 


5.0 

80 

juA 



Vcc = Max, V 

BUS 0.4V, Disable Input = 2.0V 



-40 

ma 

I 

0 

> 

Logic "1" Output Voltage 

Vcc “ Min 

Iqut “ 5.2 mA 

DS7834, DS7839 

2.4 

2.75 


V 



•out ~ “10.4 mA 

DS7834, DS8839 

2.4 

2.75 


V 

VoL 

Logic "0" Output Voltage 

Vcc “ Min 

Iqij-j* ” 50 mA 


0.28 

0.5 

V 



•out “ 52 mA 



0.4 

V 

•os 

Output Short Circuit Current 

Vcc Max, (Note 4) 

-40 

-62 

-120 

mA 

RECEIVER OUTPUT | 

VoH 

Logic "1" Output Voltage 

Vcc = Min 

Iqut ~ 5.0 mA 

DS7834, DS7839 

2.4 

3.0 


V 



•out " “5.2 mA 

DS8834, DS8839 

2.4 

2.9 


V 

VoL 

Logic "0" Output Voltage 

^cc Min, Iqut ~ mA 


0.22 

0.4 

V 

•os 

Output Short Circuit Current 


DS7834, DS7839 

-28 

-40 

-70 

mA 



vcc 


DS8834, DS8839 

-30 


-70 

mA 

•cc 

Supply Current 

Vcc " Max 


75 

95 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Unless otherwise specified min/max limits apply across the -55°C to -H25°C temperature range for the DS7834, DS7839 and across 
the 0°C to -i-70°C range for the DS8834, DS8839. All typicals are given for Vqc 5.0V and T^ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: Only one Output at a time should be shorted. 
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DS7834/DS8834, DS7839/DS8839 



DS7834/DS8834, DS7839/DS8839 


ac electrical characteristics Vcc = s.ov, t* = 25°c 


PARAMETER | 

1 CONDfTIONS 

MIN 

TYP 

MAX 

UNITS 

. ^PdO 

Propagation Delay to a Logic “0” 

(Figure 1) 

DS7839/DS8839 


14 

30 

ns 


from Input to Bus 

DS7834/DS8834 


10 

20 

ns 

tpdl 

Propagation Delay to a Logic "1" 

(Figure 1) 

DS7839/DS8839 


14 

30 

ns 


from Input to Bus 

DS7834/DS8834 


11 

30 

ns 

l^pdO 

Propagation Delay to a Logic "0" 

(Figure 2) 

DS7839/DS8839 


24 

45 

ns 


from Bus to Output 

DS7834/DS8834 


16 

35 

ns 

tpdl 

Propagation Delay to a Logic "1” 

(Figure 2) 

DS7839/DS8839 


12 


ns 


from Bus to Output 

DS7834/DS8834 


18 

30 

ns 

tiH 

Delay from Disable Input to High 
Impedance State (from Logic "1" 
Level) 

Cl = 5.0 pF, (Figures 1 and 2) 

Driver Only 

■ 


20 

ns 

tOH 

Delay from Disable Input to High 
Impedance State (from Logic "0" 
Level) 

Cl = 5.0 pF, (Figures 1 and 2) 

Driver Only 

■ 

20 

35 

ns 

tni 

Delay from Disable Input to Logic 
"1” Level (from High Impedance 
State) 

Cl = 50 pF, (Figures 1 and 2) 

Driver Only 

■ 

24 

■ 

ns 

tHO 

Delay from Disable Input to Logic 
"0" Level (from High Impedance 
State) 

Cl = 50 pF, (Figures 1 and 2) 

Driver Only 

■ 

19 


ns 


ac test circuits 


Vcc Vcc 




switching time wavefprms 


tpdi arid tpdo 



t, = tf ^ 10 ns (10% to 90%) 
Duty Cycle = S0% 


*OH 


3.0V 

INPUT 

OV 


OUTPUT 
ACTUAL LOGICAL "0" 
VOLTAGE 
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DS7836/DS8836 



NATIONAL 


Line Drivers/R^ceivers 


DS7836/DS8836 quad NOR unified bus receiver 


general description 

The DS7836/DS8836 are quad 2-input receivers 
designed for use in bus organized data transmission 
systems interconnected by terminated 12012 im- 
pedance lines. The external termination is intend- 
ed to be 18012 resistor from the bus to the +5V 
logic supply together with a 39012 resistor from 
the bus to ground. The design employs a built-in 
input hysteresis providing substantial noise im- 
munity. Low input current allows up to 27 driver/ 
receiver pairs to utilize a common bus. This re- 
ceiver has been specifically configured to replace 
the SP380 gate pin-for-pin to provide the distinct 
advantages of the DS7837 receiver with built-in 
hysteresis in existing systems. Performance is 
optimized for systems with bus rise and fall times 
<1.0ms/V. 


features 

■ Low input current with normal Vcc or 
Vcc = 0V (15iuA typ) 

■ Built-in input hysteresis (IV typ) 

■ High noise immunity (2V typ) 

■ Temperature-insensitive input thresholds track 
bus logic levels 

■ DTL/TTL compatible output 

■ Matched, optimized noise immunity for "1" 
and “0" levels 

■ High speed ( 18 ns typ) 


typical application 



connection diagram 

Dual-in-Line and Fiat Package 
OUT 3 OUT 4 IN4A IN 4B IN 3A IN 3B Vcc 


1 


13 

12 

11 

10 

9 

1 


1 

i 

1 

i 

B 










1 

i 

1 

i 

B 



1 

2 

3 

4 

5 

6 

1 


GND OUT 2 0UT1 IN 1A IN IB IN 2A IN 2B 
TOP VIEW 

Order Number DS7836J Order Number DS8836N Order Number DS7836W 
or DS8836J 
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absolute maximum ratings operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage 

7.0V 

Supply Voltage (Vcc) 




Current Voltage 

5.5V 

DS7836 

4.5 

5.5 

V 

Power Dissipation 

600 mW 

DS8836 

4.75 

5.25 

V 

Storage Temperature Range 

-65° C to +150° C 

Temperature (T/\) 
DS7836 




Lead Temperature (Soldering, 10 seconds) 

300° C 

-55 

+125 

°c 



DS8836 

0 

+70 

°G 


electrical characteristics 

The following apply for Vmin < Vcc < ^ max > ^ Ta < T^ax^ unless otherwise specified (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

1 

UNITS 

Vth 

High Level Input Threshold 

DS7836 

bdib 

2.25 


V 



DS8836 


2.25 


V 

V,L 

Low Level Input Threshold 

DS7836 


1.30 

1.63 

V 



DS8836 

1.05 

1.30 

1.55 

V 

l|N 

Maximum Input Current 

< 

z 

II 

< 

1 V cc ~ Max j 


15 

50 

ma 



> 

o 

II 

o 

o 

> 


1 

50 

ma 

VOH 

Logical "1" Output Voltage 

V,N =0.5V, 

•out “ 400/xA 

WEBi 



V 

Vql 

Logical "0" Output Voltage 

V|N - 4V, louT ~ 16 


0.25 

0.4 

V 

•sc 

Output Short Circuit Current 

V|N = 0.5V, Vqut = OV, Vcc = Max, (Note 4) 

-18 


-55 

mA 

•cc 

Power Supply Current 

ViN 4V, (Per Package) 


25 

40 

mA 

VcL 

Input Clamp Diode Voltage 

l,N =-12 mA, Ta =25°C 


-1 

-1.5 

V 


switching characteristics 

Vcc “ 5V, Ta = 25°C unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

1 MAX 1 

UNITS 

tpd Propagation Delays 

(Notes 4 and 5) 

Input to Logical "1" Output 


20 


ns 

Input to Logical "0" Output 


18 

1 1 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7836 and across the 0°C to 
+70°C range for the DS8836. All typical values are for T/\ = 25°C and Vqq = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, al| voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. / 

Note 4: Fan-out of 10 load, Cj_oAD = 15 pF total, measured from V||\j = 1.3V to Vqut “ 1-5V, V||\j = OV to 3V pulse. 

Note 5: Fan-out of 10 load, Clqad = 15 pF total, measured from V||\| = 2.3V to Vqut ” ^ V|N “ to 3V pulse. 
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DS7836/DS8836 


























Line Drivers/Receivers 


NATIONAL 


DS7837/DS8837 hex unified bus receiver 


general description 

The DS7837/DS8837 are high speed receivers de- 
signed for use in bus organized data transmission 
systems interconnected by terminated 12012 im- 
pedance lines. The external termination is intend- 
ed to be 18012 resistor from the bus to the -^5V 
logic supply together with a 39012 resistor from 
the bus to ground. The receiver design employs a 
built-in input hysteresis providing substantial noise 
immunity. Low input current allows up to -^27 driv- 
er/receiver pairs to utilize a common bus. Disable 
inputs provide time discrimination. Disable inputs 
and receiver outputs are DTL/TTL compatible. 
Performance is optimized for systems with bus 
rise and fall times < I.Ojus/V. 


features 

■ Low receiver input current for normal V^c or 
Vcc = 0V (15 pA typ) 

■ Six separate receivers per package 

■ Built-in receiver input hysteresis (IV typ) 

■ High receiver noise immunity (2V typ) 

■ Temperature insensitive receiver input thres- 
holds track bus logic levels 

■ DTL/TTL compatible disable and output 

■ Molded or cavity dual-in-line or flat package 

■ High speed 


typical application 


120n Unified Data Bus 



_LJ L_ 



I I 1/6 ^ 

J I DS7837 J 


■n r~' 

II (; 

I I 1/4 ^ 


connection diagram 


Dual-In-Line and Flat Package 
INI 0UT1 IN 2 OUT 2 IN 3 OUT 3 DISABLE A 



IN 4 OUT 4 INS OUTS IN 6 ..OUT 6 DISABLE B GNO 


Order Number DS7837J Order Number DS8837N Order Number DS7837W 
or DS8837J 






absolute maximum ratings 


operating conditions 


Supply Voltage 

7V 

Supply Voltage (Vqq) 

MIN 

MAX 

UNITS 

Input Voltage 

5.5V 

DS7837 

4.5 

5.5 

V 

Power Dissipation 
Operating Temperature Range 

600 mW 

DS8837 

Temperature (Ta) 

4.75 

5.25 

V 

DS7837 

-65°Cto+125°C 

DS7837 

-55 

+125 

°c 

DS8837 

Storage Temperature Range 

0°C to +70° C 
-65°Cto+150°C 

DS8837 

0 

+70 

°c 


Lead Temperature (Soldering, 10 seconds) 300°C 


electrical characteristics 

The following apply for Vmin ^ ^cc < T^in ^ Ta < T^ax^ unless otherwise specified (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V-TH High Level Receiver Threshold 


DS7837 

1.65 

2.25 

2.65 

V 

DS8837 

1.80 

2.25 

2.50 

V 

V-pL Low Level Receiver Threshold 


DS7837 

0.97 

1.30 

1.63 

V 

DS8837 

1.05 

1.30 

1.55 

V 

I|H Maximum Receiver Input Current 

> 

II 

2 

> 

Vcc “ ^MAX 


15.0 

50.0 

fxA 

Vcc = OV 


1.0 

50.0 

^xA 

liL Logical "0" Receiver Input Current 

V,n=0.4V,Vcc=Vmax 


1.0 

50.0 

juA 

V|H Logical "1" Input Voltage 


Disable 

2.0 



V 

V|L Logical "0" Input Voltage 


Disable 



0.8 

V 

I|H Logical "1" Input Current 

Disable Input 

V,nd-2.4V 



80.0 

juA 

V.MD = 5.5V 



2.0 

mA 

liL Logical "0" Input Current 

V|N = 4V, V|MD = 0.4V, Disable Input 



-3.2 

mA 

Vqh Logical "1" Output Voltage 

V,N = 0.5V, V,ND = 0.8V, loH = -400 mA 

2.4 



V 

Vql Logical "0" Output Voltage 

V,N = 4V, V|ND = 0.8V, loL = 16 mA 


0.25 

0.4 

V 

Iqs Output Short Circuit Current 

ViN = 0.5V, V|ND = OV, Vqs OV, Vec ~ V^ax- 
(Note 4) 

-18.0 


-55.0 

mA 

Ice Power Supply Current 

V|N = 4V, V|ND = OV, (Per Package) 


45.0 

60.0 

mA 

VcL Input Clamp Diode 

V||yj = “12 mA, V||>^Q = “12 mA, Ta ~ 25 C 


-1.0 

-1.5 

V 


switching characteristics 


PARAMETER 

1 CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpd Propagation Delays 

V,nd=0V, 

Receiver 

Input to Logical "1" Output, (Note 5) 


20 

30 

ns 

Input to Logical "0" Output, (Note 6) 


18 

30 

ns 

V,N =0V, 
Disable, 
(Note 7) 

Input to Logical "1" Output 


9 

15 

ns 

Input to Logical "0" Output 


4 

10 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7837 and across the 0°C to 
+70°C range for the DS8837. All typicals values are for Ta = 25°C and Vqq = 5V. 

Note 3: All currents into device pins shown as positve, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: Fan-out of 1 0 load, CloaD = 1 5 pF total. Measured from V 1 1 \| = 1 .3V to VquT ~ ^ -5V, V 1 1 \) = OV to 3V pulse. 

Note 6: Fan-out of 10 load, C|_oaD total. Measured from V||\| = 2.3V to VquT T5V, V||\| = OV to 3V pulse. 

Note 7: Fan-out of 10 load, ClqaD = 15 pF total. Measured from V||\| = 1.5V to Vqut “ 1 -5V, V||\| = OV to 3V pulse. 


DS7837/DS8837 




DS7838/DS8838 



NATIONAL 


DS7838/DS8838 quad unified bus 
general description 

The DS7838/DS8838 are quad high speed drivers/ 
receivers designed for use in bus organized data 
transmission systems interconnected by termi- 
nated 120^2 impedance lines? The external termi- 
nation is intended to be a 180r2 resistor from the 
bus to the +5V logic supply together with a 390i7 
resistor from the bus to ground. The bus can be 
terminated at one or both ends. Low bus pin cur- 
rent allows up to 27 driver/receiver pairs to utilize 
a common bus. The bus loading is unchanged 
when = OV. The receivers incorporate hystere- 
sis to greatly enhance bus noise immunity. One 
two-input NOR gate is included to disable all 
drivers in a package simultaneously. Receiver per- 
formance is optimized for systems with bus rise 
and fall times < 1.0jus/V. 


Line Drivers /Receivers 


transceiver 

features 

■ 4 totally separate driver/receiver pairs per 
package 

■ IV typical receiver input hysteresis 

■ Receiver hysteresis independent of receiver 
output load 

■ Guaranteed minimum bus noise immunity of 
1.3V, 2Vtyp. 

■ Temperature -in sensitive receiver thresholds 
track bus logic levels 

■ 20juA typical bus terminal current with normal 
V(;c or with = OV 

■ Open collector driver output allows wire-OR 
connection 

■ High speed 

■ Series 74 TTL compatible driver and disable 
inputs and receiver outputs 


typical application 



connection diagram 


■ 

m 

Hi 

Hi 

ID 

B 

B 

mi 

B 

mmmm 

1 


B 

HHU 

B 


TOP VIEW 

Order Number DS7838J Order Number DS8838N Order Number DS7838W 
or DS8838J 
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absolute maximum ratings (Note 1) 

Supply Voltage 7V Operating Temperature Range 

Input and Output Voltage 5.5V DS7838 — 55°C to +125°C 

Power Dissipation 600 mW DS8838 0°Cto-»-70°C 

Storage Temperature Range — 65°C to +150°C 

Lead Temperature, (Soldering, 10 sec) 300° C 

electrical characteristics 

DS7838/DS8838: The following apply for in < Vcc ^ Vmax - Tmin <Ta<Tmax unless otherwise specified 

(Notes 2 and 3) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

DRIVER AND DISABLE INPUTS 

V|n Logical "1" Input Voltage 


2.0 



V 

V(L Logical "0" Input Voltage 




0.8 

V 

li Logical "1" Input Current 

V,N =5.5V 



1 

mA 

liH Logical "1" Input Current 

V,N =2.4V 



40 

ma 

liL Logical "0" Input Current 

V,N = 0.4V 



-1 .6 

mA 

VcL Input Diode Clamp Voltage 

Iqis ~ 12 mA, l|(s^ -”12 mA, Ibus ~ 12 mA, 

Ta = 25°C 


-1 

-1.5 

V 

DRIVER OUTPUT/RECEIVER INPUT 

Vqlb Low Level Bus Voltage 

Vqis 0.8V, V|[sj — 2V, Ibus ~ mA 


0.4 

0.7 

V 

Iihb Maximum Bus Current 

V|N = 0.8V, Vbus “ Vec “ '^MAX 


20 

100 

ma 

Iilb Maximum Bus Current 

V,N =0.8V, Vbus =4V, Vec =0V 


2 

100 

ma 

V|H High Level Receiver Threshold 

V,ND =0.8V, VoL = 16 mA 

DS7838 

1.65 

2.25 

2.65 

V 

DS8838 

1.80 

2.25 

2.50 

V 

V|L Low Level Receiver Threshold 

V,nd =0.8V, VoH =-400M 

DS7838 

0.97 

1.30 

1.63 

V 

DS8838 

1.05 

1.30 

1.55 

V 

RECEIVER OUTPUT 

Vqh Logical "I" Output Voltage 

V,N = 0.8V, Vbus = 0.5V, loH = -400]uA 

2.4 



V 

Vql Logical "0" Output Voltage 

V|N ~ 0.8V, Vbus ~ 4V, Iql ~ 16 mA 


0.25 

0.4 

V 

Iqs Output Short Circuit Current 

Vdis = 0.8V, V|N = 0.8 V, Vbus = 0.5V, 

Vos=0V,Vcc=VMAX-(Note4) 

-18 


-55 

mA 

Ice Supply Current 

Vdis = OV, V,n = 2V, (Per Package) 


50 

70 

mA 

tpd Propagation Delays (Note 8) 

Disable to Bus "1" 

(Note 5) 


19 

30 

ns 

Disable to Bus "0" 

(Note 5) 


15 

23 

ns 

Driver Input to Bus “1” 

(Note 5) 


17 

25 

ns 

Driver Input to Bus "0" 

(Note 5) 


9 

15 

ns 

Bus to Logical "1" Reciever Output 

(Note 6) 


20 

30 

ns 

Bus to Logical "0" Receiver Output 

(Note 7) 


18 

30 

ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7838 and across the 0°C to 
-f70°C range for the DS8838. All typical values are for T/\ = 25°C and V^c ~ 5V. 

fSlote 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a tirne should be shorted. 

Note 5: 9112 from bus pin to Vqq and 20012 from bus pin to ground, C^q^d = 15 pF total. Measured from V|n = 1.5V to V0ys = 1.5V, Vjjvj = 
OV to 3.0V pulse. 

Note 6; Fan-out of 10 load, CyOAD ~ 1^ total. Measured from Vjjsj = 1.3V to Vqut “ 1-5V, V|[\) = OV to 3.0V pulse. 

Note?: Fan-out of 10 load,C|_OAD “ 1® P*^ total. Measured from V||\| = 2.3V to Vquj = 1.5V V||\| = OV to 3.0V pulse. 

Note 8: These apply for Vqq = 5V, Tyj^ = 25°C unless otherwise specified. 
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DS7838/DS8838 




DS55107/DS75107 Series 


Line Drivers/Receivers 


nahonal 

DS55107/DS75107, DS55108/DS75108, 
DS1603/DS3603, DS75207, DS75208, 
DS3604 dual line receivers 


general description 


features 


The nine products described herein are TTL 
compatible dual high speed circuits intended for 
sensing in a broad range of system applications. 
While the primary usage will be for line receivers 
or MOS sensing, any of the products may effec- 
tively be used as voltage comparators, level trans- 
lators, window detectors, transducer preamplifiers, 
and in other sensing applications. As digital line 
receivers the products are applicable with the 
DS55109/DS75109 and DS551 10/DS751 10 com- 
panion drivers, or may be used in other balanced 
or unbalanced party-line data transmission systems. 
The improved input sensitivity and delay specifi- 
cations of the DS75207, DS75208 and DS3604 
make them ideal for sensing high performance 
MOS, memories as well as high sensitivity line 
receivers and voltage comparators. TRI-STATE® 
products enhance bused organizations. 

connection diagrams 

Duai-in-Line Package 


■ Diode protected input stage for power '"OFF" 
condition 

■ 17 ns typ high speed 

■ TTL compatible 

■ ±10 mV or ±25 mV input sensitivity 

■ ±3V input common-mode range 

■ High input impedance with normal Vcc, pr 
Vcc = OV 

■ Strobes for channel selection 

■ TRI-STATE outputs for high speed buses 

■ Dual circuits 

■ Sensitivity gntd. over full common-mode range 

■ Logic input clamp diodes— meets both "A" and 
"B" version specifications 

■ ±5V standard supply voltages 


Dual-in-Line Package 




NC OUTPUT STROBE STROBE GND 


Order Number DS55107J, DS75107J, 
DS55108J, DS75108J, DS75207J 
orDS75208d 

Order Number DS75107N, DS75108N, 
DS75207N or DS75208N 
Order Number DS55107W or DS55108W 


Order Number DS1603J, DS3603J 
DS3604J or DS1603W 
Order Number DS3603N or DS3604N 


product selection guide 


TEMPERATURE-^ 

~55°C<Ta <+125“C 

O^C < Ta 

< +70°C 

PACKAGE-*- 

CAVITY DIP 

CAVITY OR MOLDED DIP 

INPUT SENSITIVITY-*- 

±25 mV 

±25 mV 

±10 mV 

OUTPUT LOGIC! 




TTL Active Pull-up 
TTL Open Collector 
TTL TRI-STATE 

DS55107 

DS55108 

DS1603 

DS75107 

DS75108 

DS3603 

DS75207 

DS75208 

DS3604 



absolute maximum ratings (Notes 1,2 and 3 ) 


Supply Voltage, Vqc^ 

7V 

Strobe Input Voltage 

5.5 V 

Supply Voltage, Vqc” 

-7V 

Storage Temperature Range 

-65° C to +150°C 

Differential Input Voltage 

±6V 

PowerTDissipation 

600 mW 

Common Mode Input Voltage 

±5V 

Lead Temperature (Soldering, 10 sec) 

300° C 


operating conditions 



DS55107, 

DS55108, 

DS1603 

DS75107, DS75207 
DS75108, DS75208 
DS3603, DS3604 


MIN 

NOM 

MAX 

MIN 

NOM 

MAX 

Supply Voltage Vqq^ 

4.5V 

5V 

5.5V 

4.75V 

5V 

5.25V 

Supply Voltage V^q" 

^.5V 

-5V 

-5.5 V 

-4.75V 

-5V 

-5.25V 

Operating Temperature Range 

-55° C 

to 

+ 125°C 

0°C 

to 

+70° C 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the-55°C to +125°C temperature range for the DS1603, DS55107 and DS55108 
and across the 0"C to +70°C range for the DS3603, DS3604, DS75107, DS75108. All typical values are for T/\ = 25°C and Vqc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

typical applications 

Line Receiver Used in a 
Party-Line or Data-Bus System 

RECEIVERS 



DRIVERS 

Line Receiver Used in MOS Memory System 
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DS55107/DS75107 Series 















DS55107/DS75107 Series 


schematic diagrams 


DS55107/DS75107, DS75207 
DS55108/DS75108, DS75208 



Note 1 : 1/2 of the dual circuit is shown. 

Note 2: ’Indicates connections common to second half of dual circuit.- 

Note 3; Components shown with dash lines are applicable to the DS55107, DS7S107 and OS75207 only. 


DS1603/DS3603, OS3604 
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DS55107/DS75107, DS55108/DS75108 


electrical characteristics (Tmh 


PARAMETER 

•iH 

High Level Input Current 
Into A1, B1, A2 or B2 

IlL 

Low Level Input Current 
Into A1, B1, A2 or B2 

l|H 

High Level Input Current 
Into G1 or G2 

IlL 

Low Level Input Current 
Into G1 or G2 

l|H 

High Level Input Current Into S 

IlL 

Low Level Input Current Into S 

VOH 

High Level Output Voltage 

VoL 

Low Level Output Voltage 

Iqh 

High Level Output Current 

Iqs 

Short Circuit Output Current 

lcCH+ 

High Logic Level Supply 
Current From Vcc 

ICCH- 

High Logic Level Supply 
Current From Vcc 




CONDITIONS 


Vcc+ “ Max, Vcc- = Max, 

V,D = 0.5V, V,c = -3V to 3V 

Vcc+ “ Max, Vcc- ~ Max, 

V,D = -2V, V,c = -3V to 3V 

Vcc4 = Max, [v,h(s)=2.4V 

Vcc- = Max V,H(s) = Max Vcc+ 

Vcc+ “ Max, Vcc- “ Max, 

V|L(s)=0-4V 

Vcc+ “ Max, ViH(s) ~ 2.4V 

Vcc— “ Max V|H(s) ~ Max Vcc+ 
Vcc+ ~ Max, Vcc— ~ Max 

V|L(S) = 0-4V 

Vcc+ “ Min, Vcc- “ Min, 

I load ~ ^400juA, V|o — 25 mV, 

V,c = -3V to 3V, (Note 3) 

Vcc+ = Min, Vcc- = Min, 

*siNK - 16 mA, V|Q = —25 mV, 

V,c = -3V to 3V 

Vcc+ = Min. Vcc- = Min 
Vqh = Max Vcc+. (Note 4) 



Input Clamp Voltage on G or S 


Vcc+ ~ Max, Vcc— Max, 
V,D =25 mV.lA =25°C 
Vcc+ ~ Min, Vcc- ~ Min, 
l,N =-12mA,TA =25°C 


TYP 

MAX 

30 

75 


-10 


40 


1 


-1.6 


80 


2 


-3.2 

■ 



0.4 


250 


-70 

18 

30 

-8.4 

-15 

-1 

-1.5 


switching characteristics (Vcc+ = 5v, Vcc- = -5V, Ta = 25°o 


PARAMETER 


CONDITIONS 


MIN TYP 


MAX UNITS 


tpLH(D) Propagation Delay Time, Low to 

High Level, From Differential 
Inputs A and B,to Output 

Rl = 390^2, Cl = 50 pF. 

(Note 3) 


17 

m 

ns 

(Note 1) 

(Note 4) 


19 

mi! 

ns 

fpHL(D) Propagation Delay Time, High to 

Low Level, From Differential 
Inputs A and B to Output 

Rl = 390a. Cl =50 pF, 

(Note 3) 


17 


ns 

(Note 1) 

(Note 4) 



B 

ns 

fpLH(S) Propagation Delay Time, Low to 

High Level, From Strobe Input G 
or S to Output 

Rl = 390n, Cl = 50 pF 

(Note 3) 


10 

15 

ns 

(Note 4) 

1 

13 

20 

ns 

tpHL(s) Propagation Delay Time, High to 

Rl = 390^2, Cl = 50 pF 

(Note 3), 


8 


I ns 

Low Level, From Strobe Input G 
or S to Output 

(Note 4) 




1 ns 

i 


Note 1: Differential input is +100 mV to —100 mV pulse. Delays read from 0 mV on input to 1.5V on output. 
Note 2: Only one output at a time should be shorted. 

Note 3: DS55107/DS75107 only. 

Note 4: DS55108/DS75108 only. 
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DS55107/DS75107 Series 































DS55107/DS75107 Series 


DS75207, DS75208 

electrical characteristics (o°c<Ta<+70°c) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

iiH High Level Input Current 

lntoA1,B1, A2orB2 

Vcc+ = Max, Vcc- = Max, 
V,D = 0.5V, V,c = -3V to 3V 


30 

75 

ma 

I|L Low Level Input Current 

Into A1, B1, A2orB2 

Vcc+ ~ Max, Vcc- = Max 
V,D =-2V, V,c =-3V to 3V 



-10 

ma 

I|H High Level Input Current 

Into G1 or G2 

Vcc+ = Max, 
Vcc- = Max 

V,h(s)=2.4V 




40 

ma 

V|H(s) ~ Max Vcc+ 



1 

mA 

liL Low Level Input Current 

Into G1 or G2 

Vcc+ = Max, Vcc- = Max, 
V,us)=0.4V 



-1.6 

mA 

I|H High Level Input Current Into S 


V,h(s)=2.4V 



80 

ma 




2 

mA 

liL Low Level Input Current Into S 




-3.2 

mA 

Vqh High Level Output Voltage 

Vcc+ = Min, Vcc- = Min, 

^LOAD ~ ~400mA, V(d = 10 mV, 
V,c=-3V to 3V, (Note 3) 

■ 

■ 


V 

Vql Low Level Output Voltage 

Vcc+ “ Min, Vcc— “ Min, 

^siNK ~ mA, VjQ ~ 10 mV, 
V,c=-3Vto3V 

■ 


0.4 

V 

Iqh High Level Output Current 

Vcc+ Min, Vcc- = Min, 
VoH = Max Vcc+, (Note 4) 

■ 


250 

juA 

Iqs Short Circuit Output Current 

Vcc+ ~ Max, Vcc- = Max 
(Notes 2, 3 and 4) 

-18 


-70 

mA 

•ccH+ High Logic Level Supply 

Current From Vqq 

Vcc+ = Max, Vcc- = Max, 
V,D = 10 mV, Ta = 25°C 


18 

30 

mA 

IccH- High Logic Level Supply 

Current From Vcc 

Vcc+ = Max, Vcc- ~ Max, 
V,D = 10mV,TA =25°C 

■ 

-8.4 

-15 

mA 

V| Input Clamp Voltage on G or S 

Vcc+ Min, Vcc- ~ Min, 
l,N =-12mA,TA =25°C 

■ 

-1 

-1.5 

V 

switching characteristics (Vcc+ = 5v, Vcc- = -5v, Ta = 25°c) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH(D) Propagation Delay Time/ Low- to- 

High Level, From Differential 
Inputs A and B to Output 

Rl =4700, Cl = 15 pF, (Note 1) 

■ 

■ 

m 

ns 

fpHL(D) Propagation Delay Time, High-to- 

Low Level, From Differential 
Inputs A and B to Output 

Rl = 470O> Cl = 15 pF, (Note 1) 

■ 

■ 


ns 

fpLH(s) Propagation Delay Time, Low-to- 

High Level, From Strobe Input G 
or S to Output 

Rl =4700, Cl = 15pF 



17 

ns 

fpHL(s) Propagation Delay Time, High-to- 

Low Level, From Strobe Input G 
or S to Output 

Rl=470O,Cl = 15pF 



17 

ns 

Note T : Differential input is +10 mV to —30 mV pulse. Delays read from 0 mV on input to 1 .5V on output. 
Note 2: Only one output at a time should be shorted. 

Note 3: DS75207 only. 

Note 4: DS75208 only. 
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DS1603/DS3603 

electrical characteristics (Tmin<Ta<Tmax) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

iiH High Level Input Current 

Into Al, B1. A2 or B2 

Vcc+ = Max, Vcc- = Max, 
V,D = 0.5V, V,c = -3V to 3V 

■ 

30 

75 

(jlA 

l|i^ Low Levellnput Current 

Into A1,B1, A2 or B2 

Vcc+ = Max. Vcc- = Max, 
V,D = -2V, V,c = -3V to 3V 



-10 

fxA 

I|H High Level input Current 

Into G1, G2 or D 

Vcc+ = Max, 
Vcc- = Max 

V,h(s)=2.4V 



40 

(JiA 

V|H(s) “ Max Vcc+ 



1 

mA 

I|L Low Level Input Current Into D 

Vcc+ = Max, Vcc- ~ Max, 
V,l(o)=0.4V 



-1.6 

mA 

I|L Low Level Input Current 

Into G1 or G2 

Vcc+ “ Max, 
Vcc- = Max, 
V.l(G)=0.4V 

V,h(d)=2V 



-40 

ma 

V,uo)=0.8V 



-1.6 

mA 

Vqh High Level Output Voltage 


2.4 

■ 


• 

V 

Vql Low Level Output Voltage 

Vcc+ = Min, Vcc- = Min, 

^siNK “16 mA, V|D = “-25 mV, 
V,l(d)=0.8V.V,c=- 3V to 3V 


■ 

0.4 

V 

loo Output Disable Current 

Vcc+ = Max, 
Vcc- = Max 
V,h(d) = 2V 

VouT = 2.4V 



40 

ma 

Vqut=0.4V 



-40 

MA 

Iqs Short Circuit Output Current 

Vcc+ = Max, V,L(D) = 0.8V, 
Vcc- == Max, (Note 2) 

-18 


-70 

mA 

•ccH+ High Logic Level Supply 

Current From Vcc+ 

Vcc+ ” Max, Vcc- = Max, 
V,D = 25 mV, Ta = 25“C 


28 

m 

mA 

*CCH- High Logic Level Supply 

Current From V^c- 

Vcc+ = Max. Vcc- = Max. 
V,o = 25 mV. Ta = 25®C 

■ 

-8.4 


mA 

V| Input Clamp Voltage on G or D 

Vcc+ “ Min, Vcc- “ Min, 
l,N =-12 mA.TA =25“C 


D 

1 

V 

switching characteristics (Vcc+ = 5V, Vcc- = -5V, Ta = 25°c) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLHio) Propagation Delay Time, Low-to- 

High Level, From Differential 
inputs A and B to Output 

Rl = 390n, Cl = 50 pF, (Note 1) 


17 

25 

ns 

fpHL(D) Propagation Delay Time, High-to- 

Low Level, From Differential 
Inputs A and B to Output 

Rl = 390n. Cl = 50 pF, (Note 1) 

■ 

17 

25 

ns 

^PLH(s) Propagation Delay Time, Low-to- 

Hi^ Level, From Strobe input G 
to Output 

Rl = 390n, Cl = 50 pF 

■ 

■ 

15 

ns 

fpHLisi Propagation Delay Time, High-to- 

Low Level, From Strobe Input G 
to Output 

Rl = 390J2, Cl = 50 pF 

■ 

1 

15 

ns 

tiH Disable Low-to-High to Output 

High to Off 

Rl = 39012. Cl = 5 pF 



20 

ns 

toH Disable Low-to-High to Output 

Low to Off 

Rl = 39012, Cl = 5 pF 

■ 

■ 

m 

ns 

tni Disable High-to-Low to Output 

Off to High 

Rl = Ik to OV, Cl = 50 pF 




ns 

tHo Disable High-to-Low to Output 

Off to Low 

Rl = 39012, Cl “ 50 pF 

■ 

■ 

■ 

ns 

Not* 1: Differential input is +100 mV to— 100 mV pulse. Delays read from 0 mV on input to 1.5V on output. 
Note 2: Only one output at a time should be shorted. 
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DS55107/DS75107 Series 


DS3604 

electrical characteristics (o°c<Ta <+70°c) 

PARAMETER 

CONDITIONS 1 

MIN 

TYP 

MAX 

UNITS 

I|H High Level Input Current 

Into A1, B1, A2or B2 



30 

75 

juA 

I|L Low Level Input Current 

Into A1, Bl, A2 or B2 


■ 


-10 

fxA 

I|H High Level Input Current 

Into G1, G2 or D 

Vcc+ = Max, 
Vec- = Max 




40 

(jiA 

V|H(S) “ Max Vcc+ 1 



1 

mA 

liL Low Level Input Current Into D 

Vcc+ = Max, Vcc- = Max, 
V,l(d)=0.4V 

■ 

■ 

m 

mA 

I|L Low Level Input Current Into 

G1orG2 

Vcc+ “ Max, 
Vcc- = Max, 
V,l(g)=0.4V 

Vih(d) - 2V 



imiQiiii 

(lA 

V,l(d)=0.8V 



-1.6 

mA 

Vqh High Level Output Voltage 

Vcc+ — Min, Vcc— ~ Min, 

Iload ~ 2 mA, V|c = 10 mV 
Vil(d) = 0.8V, V,c = -3V to 3V 

■ 

■ 

■ 

V 

VoL Low Level Output Voltage 

Vcc+ ~ Min, Vcc— ~ Min, 

^siNK 16 mA, V|D = —10 mV, 
V,l(d) = 0.8V, V,c .= -3V to 3V 

■ 

■ 

0.4 

V 

Iqd Output Disable Current 

Vcc+ ~ Max, 
Vcc— ~ Max, 
Vih(d) = 2V 

VouT = 2.4V 



40 

fiA 

VouT = 0.4V 



-40 

/jlA 

Iqs Short Circuit Output Current 

Vcc+ ~ Max, V||_(D) -r 0.8V, 
Vcc- Max, (Note 2) 


■ 

-70 

mA 

lccH+ High Logic Level Supply 

Current From Vcc+ 

Vcc+ ~ Max, Vcc- Max, 
V,D = 10mV,TA =25*^0 

■ 

m 

m 

mA 

IccH- High Logic Level Supply 

Current From Vqc- 

Vcc+ “ Max, Vcc- = Max, 
V,D = 10 mV, Ta = 25®C 

■ 

m 

B 

mA 

V| Input Clamp Voltage on G or D 

Vcc+ — Min, Vec— ~ Min, , 
l,N =-12 mA,TA =25°C 


-1 

-1.5 

V 

switching characteristics (Vcc+ = 5V, Vcc- = -5v,Ta = 25°C) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH(D) Propagation Delay Time, Low-to- 

High Level, From Differential 
Inputs A and B to Output 

Rl = 47012, Cl = 15'pF, (Note 1) 



35 

ns 

tpHL(D) Propagation Delay Time, High-to- 

Low Level, From Differential 
Inputs A and B to Output 

Rl = 47012, Cl = 15 pF, (Note 1) 



20 

ns 

tpLH(S) Propagation Delay Time, Low-to- 

High Level, From Strobe Input G 
to Output 

Rl =47012, Cl = 15 pF 



17 

ns 

tpHL(s) Propagation Delay Time, High-to- 

Low Level, From Strobe Input G 
to Output 

Rl =47012,Cl = 15 pF 



17 

ns 

tiH Disable Low-to-High to Output 

High to Off 

Rl =47012, Cl = 5 pF 



20 

ns 

toH Disable Low-to-High to Output 

,, Low to Off 

Rl = 47012, Cl = 5 pF 



30 

ns 

tni Disable High-to-Low to Output 

Off to High 

Rl = Ik to OV, Cl = 15 pF 



25 

ns 

tno Disable High-to-Low to Output 

Off to Low 

Rl =47012,Cl = 15pF 



25 

ns 

Note 1 : Differential input is +1 0 mV to —30 mV pulse. Delays read from 0 mV on input to 1 .5V on output. 
Note 2: Only one output at a time should be shorted. 
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NATIONAL 


Line Drivers/ Receivers 

Advance Information* 


DS55109/DS75109, DS55110/DS75110 dual line drivers 


general description 

These products are TTL compatible high speed 
differential line drivers intended for use in termi- 
nated twisted-pair party-line data transmission 
systems. They may also be used for level shifting 
since output common-mode range is ~3V to -^•10V. 
An internal current sink is switched to either 
output dependent on input logic conditions. The 
current sink may be turned off by appropriate 
inhibit input conditions. 

features 

■ Tightly controlled output currents over tem- 
perature, Vcc. and common-mode variations 


■ Highspeed 15 ns max 

■ Wide output common-mode range 

■ High output impedance 

■ Inhibits for party-line applications 

■ Current sink outputs 6 or 12 mA 

■ Dual circuits 

■ Standard supply voltages ±5V 

■ Input clamp diodes 

■ 14 pin cavity or molded DIP 
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DS55109/DS75109. DS55110/DS75110 


absolute maximum 

ratings (Notei) 

Operating conditions 







MIN 

MAX 

UNITS 

Supply Voltage, Vcc^ 

7V 

Supply Voltage (Vqq) 




Supply Voltage, Vcc“ 

-7V 

DS55109, DS55110 

4.5 

5.5 

V 

Logic and Inhibitor Input Voltages 

5.5V 

DS75109, DS75110 

4.75 

5.25 

V 

Common-mode Output Voltage 

-5Vto12V 

/T-.\ 




Storage Temperature Range 
Power Dissipation 

-65°Cto-H50°C 
600 mW 

1 aiui c \ • /\f 

DS55109, DS55110 -55 

+125 

‘’C 

Lead Temperature (Soldering, 10 sec) 

300°C 

DS75109, DS75110 

0 

+70 

®c 



Positive Common-Mode 

0 

10 

V 



Output Voltage (Note 4) 






Negative Common-Mode 

0 

-3 

V 



Output Voltage (Note 4) 





electrical characteristics (Tmin <Ta <Tmax) (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Iih(l) Level Input Current Into A1, B1, 

A2 or B2 

Vcc+ ~ Max, Vcc— = Max 

V,H,u = 2.4V 



40 

pA 

V|h(l) = Max Vcc+ 




mA 

liL(L) Low Level Input Current Into A1, B1, 

A2orB2 

Vcc+ = Max, Vcc- = Max, V,l,l) = 0.4V 

■ 

■ 

H 

mA 

liH(i) High Level Input Current Into Ct or 

C2 


V,h(m = 2.4V 



40 

HA 




1 

mA 

lii_(i) Low Level Input Current Into Ci or 

C2 



■ 

■ 

mA 

liH(i) High Level Input Current Into D 

Vcc+ ~ Max, Vq(;_ — Max 

V,H(.) = 2.4V 



80 

juA 

VfHd) - Max Vcc+ .. 



2 

mA 

I|L<|) Low Level Input Current Into D 

Vcc* = Max, Vcc- = Max, V,l<„ = 0.4V 



-6 

mA 

Iq(on) On State Output Current 

Vcc- = Max 

Vcc+ = Max 

DS55109/DS75109 



7 

mA 

DS55110/DS75110 



15 

mA 

Vcc* = Min 

DS55109/DS75109 

3.5 



mA 

bS75110/DS75110 

6.5 



mA 

•olOFF) "OFF" State Output Current 

Vcct = Min, Vcc- = Min 



100 

pA 

*cc+(ON) Supply Current From Vcc+ With 

Driver Enabled 

V,L(L) = 0.4V, V.HU, = 2V 

DS55109/DS75109 


18 

30 

mA 

DS55110/DS75110 


23 

35 

mA 

•cc-(ON) Supply Current From \/cc- With 

Driver Enabled 

V,uu=0.4V, V,h<o=2V 

. 

DS55109/DS75109 


-18 

-30 

mA 

DS55110/DS75110 


-34 

-50 

mA 

lcc+(OFF) Supply Current From Vcc+ With 

Driver Inhibited 

V,uu = 0.4V, V,u„ = 0.4V 

DS55109/DS75109 


18 


mA 

DS55110/DS75110 


21 


mA 

lcc-(OFF) Supply Current From Vqc- With 

Driver Inhibited 

V,UL)= 0.4V, V,c(„= 0.4V 

DS55109/DS75109 


-10 


mA 

DS55110/DS75110 


-17 


mA 

V| Input Clamp Voltage on Inputs 

or Inhibits 

Vcc* ~ Min, Vcc— ~ Min, Ij^g — 12 mA, 
Ta = 25*^0 


-1 

-1.5 

V 


Note 1: “Absolute Maximum Ratings" are those values beyond whith the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the*-55®C to +125®C temperature range for the DS55109, DS551 10 and across the 
0®C to +70®C range for the DS75109, DS751 10. All typical values are for Ta = 25®C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. All 
>«lues shown as max or min on.absolute value basis. 

Note 4: These voltage values are with respect to the network ground terminal. 
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switching characteristics (Vcc+ = bv, Vcc- = bv, t* = 25°c) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH(L) 

Propagation Delay Time, Low-to-High 
Level, From Logic Input A or B to 
Output Y or Z 

Rl = 50n, Cl = 40 pF 


9 

15 

ns 

tpHL(L) 

Propagation Delay Time, High-to-Low 
Level, From Logic Input A or B to 
Output Y or Z 

Rl = 5012, Cl = 40 pF 


9 

15 

ns 

tpLH(l) 

Propagation Delay Time, Low-to-High 
Level, From Inhibitor Input C or D 
to Output Y or Z 

Rl = 5012, Cl = 40 pF 


16 

25 

ns 

Vhlo) 

Propagation Delay Time, High-to-Low 
Level, From Inhibitor Input C or D 
to Output Y or Z 

Rl = 5012, Cl = 40 pF 


13 

25 

ns 
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DS55121/DS75121 


Line Drivers/Receivers 


NATIONAL 

DS55121/DS75121 dual line drivers 
general description 

The DS55121/DS75121 are monolithic dual line 
drivers designed to drive long lengths of coaxial 
cable, strip line, or twisted pair transmission lines 
having impedances from 50 to 500 ohms. Both 
are compatible with standard TTL logic and 
supply voltage levels. 

The DS55121/DS75121 will drive terminated low 
impedance lines due, to the low-impedance emitter- 
follower outputs. In addition the outputs are 
uncommitted allowing two or more drivers to 
drive the same line. 

Output short-circuit protection is incorporated ' 
to turn off the output when the output voltage 
drops below approximately 1.5V. 

connection diagram 

Dual-ln-Line Package 

Vcc F2 E2 D2 C2 82 A2 Y2 



features 

■ Designed for digital data transmission over 50 
to 500 ohms coaxial cable, strip line, or 
twisted pair transmission lines 

■ TTL compatible 

■ Open emitter-follower output structure for 
party-line operation 

■ Short-circuit protection 

■ AND-OR logic configuration 

■ High speed (max propagation delay time 20 ns) 

■ Plug-in replacement for the SN55121/SN751 21 
andtheSTlS 

typical performance 
characteristics 

Output Current vs Output Voltage 








~1~] 

Vcc 

~~r‘ 

5.0V 




V 



T 

A = 

25“( 





\ 












\ 



r 







V 




— 


- 






I 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
Vo - OUTPUT VOLTAGE (V) 


truth table 


Order Number DS55121J, 
DS75121J, DS75121N or 
DS5512TW 


I AH Other Input Combinations j L j 

H = high level, L = low level, X = irrelevant 


ac test circuit and switching time waveforms 

3.0V Vcc 

? ? 

J-' 1 

PULSE ) 1 I 

GENERATOR — ' Ll , I'' 

(NOTE 1) I ) ) ^ - . Q OUTPUT 


L ^ 1 


I Rl —I— Cl 

b 37 /^T^ (NOTE B) 


3.0V — -I# 

fm 90% \ 
INPUT /l.5V 1.5V> 


tpLH —p H tpHL 

VoH hr—— 


OUTPUT 1.5V, 


Note 1: The pulse generators have the following characteristics; 
Zqut 50n, tw = 200 ns, duty cycle = 50%. t, = t, = 5.0 ns 
Note 2: Cl includes probe and jig capacitance. 
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absolute maximum ratings (Notei) 


operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage, Vcc 

6.0 V 

Supply Voltage, Vqq 

4.75 

5.25 

V 

Input Voltage 

6.0V 

Temperature, Ta 




Output Voltage 

6.0V 

DS55121 

-55 

+ 125 

°c 

Output Current 

-75 mA 

DS75121 

0 

+75 

°c 

Power Dissipation 

600 mW 





Lead Temperature (Soldering, 10 seconds) 

300° C 






electrical characteristics Vcc = 4.7BV to 5.25V (unless otherwise noted) (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H 

High Level Input Voltage 


2.0 



V 

V|L 

Low Level Input Voltage 




0.8 

V 

V, 

Input Clamp Voltage 

Vcc = 5.0V, l| =“12 mA 



-1.5 

V 

li Input Current at Max Input Voltage 

Vcc = 5.25V, V,N = 5.5V 



1 

mA 

Vqh 

High Level Output Voltage 

V,H = 2.0V, Iqh = -75 mA (Note 4) 

2.4 



V 

*OH 

High Level Output Current 

Vcc = 5.0V, V,H = 4.75V, Vqh = 2.0V, 
Ta = 25°C (Note 4) 

-100 


-250 

mA 

•oL 

Low Level Output Current 

V,L = 0.8V, VoL = 0.4V (Note 4) 



-800 

HA 

•o(OFF) 

Off State Output Current 

Vcc = OV, Vo = 3.0V 



500 

HA 

IlH 

High Level Input Current 

V, =4.5V 



40 

juA 

I.L 

Low Level Input Current 

V, = 0.4V 

-0.1 


-1.6 

mA 

•os 

Short Circuit Output Current 

Vcc = 5.0V, Ta - 25°C 



-30 

mA 

•CCH 

Supply Current, Outputs High 

Vcc = 5.25V, All Inputs at 2.0V, 
Outputs Open 



28 

mA 

•CCL 

Supply Current, Outputs Low 

Vcc = 5.25V, All Inputs at 0.8V, 
Outputs Open 



60 

mA 


switching characteristics Vcc = 5.bv, Ta = 25°c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH 

Propagation Delay Time, Low- 

Rl = 37i7, (See ac Test Circuit 

Cl = 15 pF 


11 

20 

ns 


to-High Level Output 

and Switching Time Waveforms) 

Cl = 1000 pF 


22 

50 

ns 

tpHL 

Propagation Delay Time, Hlgh- 

Rl = 37^2, (See ac Test Circuit 

Cl = 15 pF 


8.0 

20 

ns 


to-Low Level Output 

and Switching Time Waveforms) 

Cl = 1000 pF 


20 

50 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55° C to +125°C temperature range for the DS55121 and across the 0°C to 
+70° C range for the DS751 21. All typical values are for Ta = 25° C and Vcc 5V. 

Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shovvn as max or min on absolute value basis. 

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table 
for the desired output. 
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DS55122/DS75122 


Line Drivers/Receivers 


NATIONAL 


DS55122/DS75122 triple line receivers 


general description 

The DS55122/DS75122 are triple line receivers 
designed for digital data transmission with line 
impedances from 50^2 to 50012. Each receiver has 
one input with built-in hysteresis which provides a 
large noise margin. The other inputs on each 
receiver are in a standard TTL configuration. The 
DS55122/DS75122 are compatible with standard 
TTL logic and supply voltage levels. 


features 

■ Built-in input threshold hysteresis 

■ High speed . . . typical propagation delay time 
20 ns 

■ Independent channel strobes 

■ Input gating increases application flexibility 

■ Single 5.0V supply operation 

■ Fanout to 10 series 54/74 standard loads 

■ Plug-In replacement for the SN55122/SN75122 
and the 8T14 


connection diagram 


truth table 


Dual-1 n-Line Package 


lie |i5 |i4 




H = high level. L = low level, X * irrelevant 
input and last two lines of the truth table 
are applicable to receivers 1 and 2 only. 


Order Number DS55122J, 
OS75122J, DS75122N or 
DS55122W 


ac test circuit and switching time waveforms 


PULSE 

GENERATOR 
(NOTE t) 




s 

^5.0ns^ |— -i-l F 

fmi — ooxi 

— LrlsJ y 

n 1 

▼ 1N3064 

INPUT /l,SV 1.5V\ 

10 % . n - 




Note 1 ; The pulse generator has the following characteristics; 
ZouT ^ son, tyy = 200 ns, duty cycl«i = 50%, t, = t, = 5.0 hs. 
Note 2: Cl includes probe and jig capacitance. 


3-58 









absolute maximum ratings (Notei) operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage, Vqq 

6.0V 

Supply Voltage, Vqq 

4.75 

5.25 

V 

Input Voltage 
R Input 

A, B, or S Input 
Output Voltage 

6.0V 

5.5V 

6.0V 

Operating Temperature, T/^ 
DS55122 
DS75122 

-55 

0 

+125 

+75 

°c 

°c 

Output Current 

±100 mA 

High Level Output Current, 


-500 

mA 

Power Dissipation 

600 mW 

•oh 




Storage Temperature Range 

-65°Cto+150°C 

Low Level Output Current, 


16 

mA 

Lead Temperature (Soldering, 10 seconds) 

300“ C 

'OL 





electrical characteristics Vcc = 4.75V to 5.25V {unless otherwise noted) (Notes 2 and 3) 


PARAMETER 

CONDITIONS 


BEEI 

MAX 

UNITS 

V|H High Level Input Voltage 

A, B, R, or S 

2.0 

mu 


V 

V|i_ ' Low Level Input Voltage 

A, B, R, or S 



0.8 

V 

V-T+— Vj_ Hysteresis 

Vcc = 5 0V, Ta = 25°C, R.(Note 6) 


0.6 


V 

V| Input Clamp Voltage 

Vcc = 5.0V, 1, = -12 mA, A, B, or S 



-1.5 

V 

li Input Current at Max Input Voltage 

Vcc = 5.25V, V,N = 5.5V, A, B, or S 



1.0 

mA 

Vqh High Level Output Voltage 

loH =-500 mA 

V,H = 2V. V,L = 0.8V, (Note 4) 




V 

V,(a)=0V,V„b) = 0V, 

V,(R) = 1.45V, V„s) = 2.0V, (Note 7) 

mi 



V 

Vql Low Level Output Voltage 

Iql “ 10 

BIIIQ§Q3Q|[QQQ9f[|Q33llllllllllil 

HH 

imH 

0.4 

V 

V,(A)=0V,V,(B)=0V, 

V,(R) = 1.45V, V,(S) = 2.0V, (Note 8) 

■ 


0.4 

V 

liH High Level Input Current 


mm 

mHi 

40 

HA 

V, = 3.8V, R 



moi 

iuA 

liL Low Level Input Current 

V, = 0.4V, A, B, or S 

-0.1 


-1.6 

mA 

los Short Circuit Output Current 

Vcc = 5.0V, Ta = 25°C, (Note 5) 

-50 


-100 

mA 

Icc Supply Current 

Vcc = 5.25V 



72 

mA 

switching characteristics Vqc = b.ov, Ta = 25°c 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

fpLH Propagation Delay Time, Low-to-High 

Level Output from R Input 

(See ac Test Circuit and Switching 
Time Waveforms) 



in^iiiii 

ns 

tpHL Propagation Delay Time, High-to-Low 

Level Output from R Input 

(See ac Test Circuit and Switching 
Time Waveforms) 



miiiin 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with 
respect to network ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 

Note 3: Min/max limits apply across the guaranteed operating temperature range of — 55°C to +125 °C for DS55122 and 0°C to +75°C for 
DS75122, unless otherwise specified. Typicals are for V^c ” 5.0V, T/\ = 25“C. Positive current is defined as current into the referenced pin. 

Note 4; The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table 
for the desired output. 

Note 5: Not more than one output should be shorted at a time. 

Note 6: Hysteresis is the difference between the positive going input threshold voltage, Vy+^ and the negative going input threshold voltage, V-p_. . 
Note 7: Receiver input was at a high level immediately before being reduced to 1 .45V. 

Note 8: Receiver input was at a low level immediately before being raised to 1 .45V. 



3-69 


DS55122/DS75122 





























DS55122/DS75122 


typical performance characteristics 


Output Voltage v$ Receiver Input Voltage 


3.5 -Vcc = 5.0V- 
NO LOAD 

30 -Ta=+25°C“ 


0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
Vi -INPUT VOLTAGE (V) 


typical applications 


I 1/3 DS75122 j 

75 COAXIAL CABLE 75 COAXIAL CAB l-L j ' 



i 1/2 DS75121 j 


i I. 

I 1/2 DS75121 I J 



L ' ^ US751Z1 J 


Single-Ended Party Line Circuits 



The high gain and built-in hysteresis of the OS55122/DS75122 
line receivers enable them to be used as Schmitt triggers in 
squaring up pulses. 


Pulse Squaring 
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NATIONAL 

DS75123 dual line driver 
general description 

The DS75123 is a monolithic dual line driver 
designed specifically to meet the I/O interface 
specifications for IBM System 360. It Is com- 
patible with standard TTL logic and supply voltage 
levels. 

The low-impedance emitter-follower outputs of 
the DS75123 enable driving terminated low im- 
pedance lines. In addition the outputs are un- 
commited allowing two or more drivers to drive 
the same line. 

Output short-circuit protection Is incorporated 
to turn off the output when the output voltage 
drops below approximately 1.5V. 


Line Drivers/Receivers 


features 

■ Meet IBM System 360 I/O interface specifica- 
tions for digital data transmission over 5012 to 
50012 coaxial cable, strip line, or terminated 
pair transmission lines 

■ TTL compatible with single 5.0V supply 

■ 3.11V output at Iqh “59.3 mA 

■ Open emitter-follower output structure for 
party-line operation 

■ Short circuit protection 

■ AND-OR logic configuration 

■ Plug-in replacement for the SN75123 and the 
8T23 


connection diagram 

Dual-ln-Line Package 



TOP VIEW 


typical performance 
characteristics 


Output Current vs Output Voltage 



0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 


Vo -OUTPUT VOLTAGE (V) 


Order Number DS75123J trUth table 

Order Number DS75123N 


A B 

INPUTS 
C D 

E F 

OUTPUT 

Y 

H H 

H 

H 

X X 

H 

X X 

X 

X 

H H 

H 

All Other Input Combinations j 

L 


H = high level, L = low level, X = irrelevant 


ac test circuit and switching time waveforms 


3.0V Vcc 



Note 1; THE PULSE GENERATORS HAVE THE FOLLOWING CHARACTERISTICS: Zqut 50SJ, 
tw = 200 ns, DUTY CYCLE = 50%. 

Note 2: C^ INCLUDES PROBE AND JIG CAPACITANCE. 
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DS75123 


absolute maximum ratings (Note i) 


operating conditions 


Supply Voltage, Vqq 7.0V 

Input Voltage 5.5V 

Output Voltage 7.0V 

Power Dissipation 600 mW 

Operating Free-Air Temperature Range O^C to +75°C 

Storage Temperature Range -65®C to +150“C 

Lead Temperature (Soldering, 10 seconds) 300°C 


Supply Voltage, Vqq 
H igh Level Output Current, 
>OH 

Temperature, Ta 


electrical characteristics (Notes 2 and 3) 


PARAMETER 


High Level Input Voltage 
Low Level Input Voltage 
Input Clamp Voltage 


Input Current at Max Input Voltage 


High Level Output Voltage 

High Level Output Current 

Low Level Output Voltage 
Off State Output Current 
High Level Input Current 


Low Level Input Current 


Short Circuit Output Current 


Supply Current, Outputs High 
Supply Current, Outputs Low 


CONDITIONS 


Vcc =5.0V, I, = -12 mA 
Vcc = 5.25V, V,N = 5.5V 

Vcc = 5.0V, V,H = 2.0V, Ta = 25° C 

Iqh = “59.3 mA, (Note 4) T^ = 0°C to +75'^C 
Vcc = 5.0V, V,H = 4.5V, Ta = 25®C, ' 

Vqh = 2.0V, (Note 4) 

V,L = 0.8V, loL = -240 mA, (Note 4) 


Vcc = 0, Vq = 3.0V 

V, = 4.5V 
V, = 0.4V 

Vcc = 5.0V, Ta = 25°C 

Vcc = 5.25V, AlUnputs at 2.0V, Outputs Open 
Vcc ~ 5.25V, All Inputs at 0.8V, Outputs Open 




-250 

mA 

0.15 

V 

40 

ma 

40 

ma 

-1.6 

mA 

-30 

mA 

28 

mA 

60 

mA 


switching characteristics Vcc = 5.ov, = 25°c 


PARAMETER 


Propagation Delay Time, Low- 
tO'High Level Output 
Propagation Delay Time, High- 
to-Low Level Output 


CONDITIONS 


Rl = 5012, (See ac Test Circuit 
and Switching Time Waveforms 


Rl = 5012, (See ac Test Circuit 
and Switching Time Waveforms 



Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are pot meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with 
respect to network ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 

Note 3: Min/max limits apply across the guaranteed operating temperature range of 0°C to +75°C for DS75123, unless otherwise specified. Typi- 
cals are for Vqq = 5.0V, T^ = 25° C. Positive current is defined as current into the referenced pin. 

Note 4: The output voltage and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table 
for the desired output. 
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NATIONAL 


DS75124 triple line receivers 


Line Drivers/Receivers 


general description 


features 


The DS75124 is designed to meet the input/ 
output interface specifications for IBM System 
360. It has built-in hysteresis on one input on 
each of the three receivers to provide large noise 
margin. The other inputs on each receiver are in 
a standard TTU configuration. The DS75124 is 
compatible with standard TTL logic and supply 
voltage levels. 


Built-in input threshold hysteresis 

High speed . . typ propagation delay time 20 ns 

Independent channel strobes 

Input gating increases application flexibility 

Single 5.0V supply operation 

Plug-in replacement for the SN75124 and the 

8T24 


connection diagram and truth table 


Dual-in-Line Package 


Vcc si R1 Y1 A3 S3 R3 Yi 
lie lis |l4 Il3 Il2 ill |lQ ! 



|, p |3 p p p p p 

A1 B1 R2 S2 A2 B2 Y2 GND 


H = high level, L = low level, X = irrelevant 
'I'B input and last two lines of the truth table 
are applicable to receivers 1 and 2 only. 


Order Number DS75124J Order Number DS75124N 


typical application 


' 


95 COAXIAL CABLE 
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DS75124 


absolute maximum ratings (Notei) 

operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage, Vqq 

7.0V 

Supply Voltage, Vcc 4.75 

5.25 ^ 

V 

Input Voltage 


High Level Output Current, 

-800 

juA 

R" Input with Vqq Applied 

7.0 V 

lOH 



R Input with Vqq not Applied 

6.0V 

Low Level Output Current, 

16 

mA 

A, B, or S Input 

5.5V 

•OL 



Output Voltage 

7.0V 

Operating Temperature, Ta 0 

+75 

°C 

Output Current 

±100 mA 




Power Dissipation 

600 mW 




Operating Temperature Range 

0°C to -^75°C 




Storage Temperature Range 

-65°C to +150°C 




Lead Temperature (Soldering, 10 seconds) 

300° C 





electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H High Level Input Voltage 

A, B, orS 

2.0 



V 

R 

1.7 



V 

V|L Low Level Input Voltage ' 

A, B, or S 



0.8 

V 

R 



0.7 

V 

Vx+— Vj- Hysteresis 

Vcc = 5.0V, Ta = 25°C, R, (Note 6) 

0.2 

0.4 


V 

V| Input Clamp Voltage 

Vcc = 5.0V, 1, = -12 mA. A. B, or S 



-1.5 

V 

li Input Current at Maximum 

Input Voltage 

Vcc = 5.25V, V,M = 5.5V, A, B, or S 



1 

mA 

R 

V, = 7.0V 



5.0 

mA 

V, = 6.0V, Vcc =0 . 



5.0 

mA 

Vqh High Level Output Voltage 

V|H = V,hmin« V,l = Vilmax- *oh = -800mA, 
(Note 4) 

2.6 



V 

Vql Low Level Output Voltage 

ViH = ViMMiN, V|L = ViciviAX/ Iql ^5 (Note 4) 



0.4 

V 

l(H High Level Input Current 

V, = 4.5V, A. B, orS 



40 

ma 

V, =3.11V, R 



170 

ma 

l|i_ Low Level Input Current 

V, =0.4V, A, B.orS 

-0.1 


-1.6 

mA 

Iqs Short Circuit Output Current 

Vcc = 5.0V, Ta = 25°C, (Note 5) 

-50 


-100 

mA 

Ice Supply Current 

Vcc = 5.25V 



72 

mA 


switching characteristics 


" PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH 

Propagation Delay Time, Low-to-High 
Level Output from R Input 

(See ac Test Circuit and Switching 
Time Waveforms) 

■ 

20 

llllUlll 

ns 

fpHL 

Propagation Delay Time, High-to-Low 
Level Output from R Input 

(See ac Test Circuit and Switching 
Time Waveforms) 


20 


ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: All currents into device pins are shown as positive, currents out of device pins shown as negative, all voltage values are referenced with 
respect to network ground terminal, unless otherwise noted. All values shown as max or min on absolute value basis. 
Note 3: Min/max limits apply across the guararwteed operating temperature range of 0°C to +75°C for DS75124, unless otherwise specified. Typi- 
cals are for Vqc ~ 5.0V, T/\ = 25° C. Positive current is defined as current into the referenced pin. 

Note 4: The output voltalge and current limits are guaranteed for any appropriate combination of high and low inputs specified by the truth table 
for the desired output. 

Note 5: Not more than one output should be shorted at a time. 

Note 6: Hysteresis is the difference between the positive going input threshold voltage, Vj+, and the negative going input threshold voltage, V-p_- 


3-74 







ac test circuit and switching time waveforms 


Vcc 2.6V 



Note 1: THE PULSE GENERATOR HAS THE FOLLOWING CHARACTERISTICS: Zqut 50«, tw = 200 ns, 
DUTY CYCLE = 50%. 

Note 2: C^ INCLUDES PROBE AND JIG CAPACITANCE. 



typical performance characteristics 


Output Voltage vs 
Receiver Input Voltage 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
V, - INPUT VOLTAGE (V) 
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DS75150 


NATIONAL 

DS75150 dual line driver 
general description 

The DS75150 is a dual monolithic line driver designed 
to satisfy the requirements of the standard interface 
between data terminal equipment and data communica- 
tion equipment as defined by EIA Standard RS-232-C., 
A rate of 20,000 bits per second can be transmitted with 
a full 2500 pF load. Other applications are in data- 
transmissfon systems using relatively short single lines, 
in level translators, and for driving MOS devices. The 
logic input Is compatible with most TTL and DTL 
families. Operation is from -12V and +12V power 
supplies. 


Line Drivers/Receivers 


features 

■ Withstands sustained output short-circuit to any 
low Impedance voltage between -25V and +25V 

■ 2jus max transition time through the -3V to +3V 
transition region under full 2500 pF load 

■ Inputs compatible with most TTL and DTL families 

■ Common strobe input 

■ Inverting output 

■ Slew rate can be controlled with an external capacitor 
at the output 

■ Standard supply voltages ±12V 


schematic and connection diagrams 


Component values shown are nominal 1/2 of circuit shown 


Duai-ln-Line Package 


Oual-ln-Line Package 


+Vcc 1Y 2Y -Vcc 



TOP VIEW 
Positive Logic Y - A§ 

Order Number DS75150N 


TOP VIEW 
Positive Logic Y = M 

Order Number DS75150J 
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absolute maximum ratings (Note i) 


Supply Voltage +Vcc 16V 

Supply Voltage -Vcc -15V 

Input Voltage 15V 

Applied .Output Voltage ^25V 

Storage Temperature Range -65‘*C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300®C 


dc electrical characteristics (Notes 2, 3, 4 and s) 


operating conditions 


Supply Voltage (+Vcc) 

Supply Voltage (-Vcc) 

Input Voltage (Vj) 

Output Voltage (Vq) 

Operating Ambient Temperature 
Range (Ta) 


PARAMETER 

V,H 

High-Level Input Voltage 

V,L 

Low-Level Input Voltage 

VOH 

High-Level Output Voltage 

VoL 

Low-Level Output Voltage 

).H 

High-Level Input Current 

)|L 

Low-Level Input Current 

)qs 

Short-Circuit Output Current 


Supply Current From +Vcc» 
High-Level Output 

“•CCH 

Supply Current From “Vcc. 
High-Level Output 

+ICCL 

Supply Current From +Vcc. 
Low-Level OutpUt 

“*CCL 

Supply Current From -Vcc. 
Low-Level Output 


CONDITIONS 


(Figure 1) 


(Figure 2) 

+Vcc = 10.8V, -Vcc = -13.2V, V,l = 0.8V, 
Rl = 3 to 7 kn, (Figure 2} 

+Vcc = 10.8V, -Vcc = -10.8V, V,h = 2V, 
Rl = 3 kl2 to 7 kl2, (Figure 1) 


+Vcc = 13.2V, -Vcc = -13.2V, Data Input 
V, =2.4V, (Figured) 


+Vcc = 13.2V, -Vcc =-13.2V, Strobe Input 
V, =2.4V, (Figured) 


+Vcc = 13.2V, -Vcc =-13.2V, Data Input 
V, = 0.4V, (Figure d) 

+Vcc = 1 3.2V, -Vcc = -1 3.2V, Strobe Input 
V, - 0.4V, (Figure d) 


+Vcc = 13.2V, -Vcc =-13.2V, 
(Figure 4), Note 4 


+Vcc = 13.2V, -Vcc = -13.2V, V, = OV, 
Rl = 3 k«, Ta = 25°C, (Figure 5) 


+Vcc = 13.2V, -Vcc = -13.2V, V, = OV, 
Rl = 3 ka. Ta = 25°C. (Figure 5) 


+Vcc = 13.2V, -Vcc = -13.2V, V, = 3V, 
Rl = 3 kn, Ta = 25° C, (Figure 5) 


+Vcc = 13.2V, -Vcc = -13.2V, V, = 3V, 
Rl = 3 kn, Ta = 25°C, (Figure 5) 


Notei: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Unless otherwise specified min/max limits apply across the 0°C to +70° C range for the DS75150. All typical values are for Ta ** 25° C 
and +Vcc “ 12V, -Vqc “ “12V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used in this data sheet for logic levels 
only, e.g., when -5V is the maximum, the typical value is a more-negative voltage. 
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NATIONAL 


DS75154 quadruple line receiver 
general description 

The DS75154 is a quad monolithic line receiver 
designed to satisfy the requirements of the standard 
interface between data terminal equipment and data 
communication equipment as defined by El A Standard 
RS-232C. Other applications are in relatively short, 
single-line, point-to-point data transmission systems and 
for level translators. Operation is normally from a single 
5V supply; however, a built-in option allows operation 
from a 12V supply Without the use of additional com- 
ponents. The output is compatible with most TTL and 
DTL circuits when either supply voltage is used. 

In normal operation, the threshold-control terminals are 
connected to the terminal, pin 15, even if power is 
being supplied via the alternate Mqc 2 terminal, pin 16. 
This provides a wide hysteresis loop which is the differ- 
ence between the positive-going and negative-going 
threshold voltages. In this mode, if the input voltage 
goes to zero, the output voltage will remain at the low or 
high level as determined by the previous input. 

For fail-safe operation, the threshold-control terminals 
are open. This reduces the hysteresis loop by causing 


schematic and connection diagrams 

COMMON TO 4 CIRCUITS 


Line Drivers/Receivers 


the negative-going threshold voltage to be above zero. 
The positive-going threshold voltage remains above zero 
as it is unaffected by the disposition of the threshold 
terminals. In the fail-safe mode, if the input voltage goes 
to zero or an open-circuit condition, the output will go 
to the high level regardless of the previous input condi- 
tion. 


features 

■ Input resistance, 3 kl2 to 7 over full RS-232C 
voltage range 

■ Input threshold adjustable to meet "fail-safe" require- 
ments without using external components 

■ Inverting output compatible with DTL or TTL 

■ Built-in hysteresis for increased noise immunity 

■ Output with active pull-up for symmetrical switching 
speeds 

■ Standard supply voltage— 5V or 12V 





Note; When using Vcci (P>n 15), Vcc2 (P‘" 15) may be left open or shorted to Vcci- 
When using Vcc2> ^cc^ must be left open or connected to the threshold control pins. 
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OS75154 


absolute maximurn ratings (Note 1) operating conditions 

MIN MAX UNITS 

Normal Supply Voltage (Pin 15 ),{Vqci) 7 V Supply Voltage (Pin 15 ), (Vqci) 4.5 5.5 V 

Alternate Supply Voltage (Pin 16),(VCC2) 14V Alternate Supply Voltage (Pin 16) 10.8 13.2 V 

input Voltage ±26V , 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C Input Voltage ±15 V 

Temperature, (T/\) 0 +70 ®C 

electrical characteristics (Notes 2, 3 and 4) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H High-Level Input Voltage 

(Figure 1) 

3 



V 

V|L Low-Level Input Voltage 

(Figure 1) 



-3 

V 

V-I-+ Positive-Going Threshold Voltage 

(Figure 1) 

Normal Operation 

0.8 

2.2 

3 

V 

Fail-Safe Operation 

0.8 

2.2 

3 

V 

Vj_ Negative-Going Threshold Voltage 

(Figure 1) 

Normal Operation 

-3 

-1.1 

0 

V 

Fail-Safe Operation 

0.8 

1.4 

3 

V 

Vj+-Vj_ Hysteresis 

(Figure 1) 

Normal Operation 

0.8 

3.3 

6 

V 

Fail-Safe Operation 

0 

0.8 

2.2 

V 

Vqh High-Level Output Voltage 

•oh = “400/tA, (Figure 1} 

2;4 

3.5 


V 

Vql Low-Level Output Voltage 

loL " 16 mA, (Figure 1} 


0.23 

0.4 

■B 

r, Input Resistance 

(Figure 2) 

AV, = -25 V to -14 V 

3 

5 

7 


AV, = -14V to -3V 

3 

5 

7 

ka 

AV, = -3V to +3V 

3 

6 


kO. 

AV, = 3V to 14V 

3 

5 

7 

ka 

AV, = 14V to 25V 

3 

5 

7 

ka 

V|(oPEN) Open-Circuit Input Voltage 

• 1 = 0 ,. (Figum 3) 

0 

0.2 

2 

V 

Iqs Short-Circuit Output Current 

(Note 5) 

Vcci =5.5V, V, =-5Vy (Figure 4) 


-20 



Icci Supply Current From ^001 

Vcci = 5.5V, Ta = 25° C, (Figure 5} 


20 

35 

mA 

*cc 2 Supply Current From \/cq 2 

Vcc 2 = 13.2V, Ta = 25° C, (Figure 5) 


23 

40 

mA 

switching characteristics (Vcd =bv,Ta = 25°o 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tp|_H , Propagation Delay Time, Low-to-High 

Level Output 

Cl = 50 pF, R l = 3900, (Figure 6) 


22 


ns 

tpHL Propagation Delay Time, High-to-Low 

Level Output 

Pl = 50 pF, Rl - 3900, (Figure 6) 

■1 

20 


ns 

l^TLH Transition Time, Low-to-High Level 

Output 

Cl = 50 pF, Rl = 3900, (Figure 6) 


9 


ns 

■^THL Transition Time, High-to-Low Level 

Output 

Cl = 50 pF, Rl = 3900, (Figure 6) 




ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75154. All typical values are for T^ = 25®C and 
Vcci=5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max dr min on absolute value basis. 

Note 4: The algebraic convention where the most-positive (least-negative) limit is designated as maximum is used In this data sheet for logic and 
threshold fevels only, e.g., when -3V is the maximum, the minimum lirnit is a more-negative voltage. 

Note 5: Only one output at a time should be shorted. 
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dc test circuits and truth tables 


1 OPEN 

ri" Ji' L 

Vcci Vcc 2 j 


L ^ J 


1 

i 

-i X X 


TEST 

MEASURE 

A 

T 

Y 

Vcci 
(PIN 15) 

Vcc2 
(PIN 16) 

Open-Circuit Input 

VoH 

Open 

Open 

•oh 

4.5V 

Open 

(fail-safe) 

Vqh 

Open 

Open 

•oh 

Open 

10.8V 

V-T+ min, 

< 

0 

1 

0.8V 

Open 

•oh 

5.5 V 

Open 

Vt- (fail-safe) 

VoH 

0.8V 

Open 

Iqh 

Open 

13.2V 

Vj+ min (Normal) 

Vqh 

Note 1 

Pin 15 


5.5V and T 

Open 

VoH 

Note 1 

Pin 15 

•oh 

T 

13.2 V 

V,L max. 

VoH 

-3V 

Pin 15 

•oh 

5.5V and T 

Open 

Vt_ min (Normal) 

VoH 

-3V 

Pin 15 

•oh 

T 

13.2V 

V|H min, V-r+ max. 

VoL 

3V 

Open 

•oL 

4.5V 

Open 

Vx- max (fail-safe) 

VoL 

3V 

Open 

•OL 

Open 

10.8V 

V|H min, Vx+ max 

Vou 

3V 

Pin 15 

•oL 

4.5V and T 

Open 

(Normal) 

Vou 

3V 

Pin 15 

•oL 

T 

10.8 V 

Vx- max (Normal) 

VoL 

Note 2 

Pin 15 

•oL 

•oL 

5.5V and T 

Open 

VoL 

Note 2 

Pin 15 

T 

13.2V 


Note 1 : Momentarily apply -5V, then 0.8V, 
Note 2: Momentarily apply 5V, then ground. 


FIGURE 1. V|h,V|l.Vt+,Vt_,Voh,Vol 


I T Vcc, Vcc2 R1 I 


L ^ J 


5.5VO— <3\ O 0\ 0—0 13.2 V 


VhoPEN) L. 


il ^ J 16_. I 

Vcc2 

-1> 

^ I 


FIGURE 2. r| 


T 

;Vcci 
(Pin 15) 

VCC2 
(Pin 16) 

Open 

5V 

Open 

Open 

Gnd 

Open 

Open 

Open 

Open 

Pin 15 

T and 5V 

Open 

Gnd 

Gnd 

Open 

Open 

Open 

12V 

Open 

Open 

Gnd 

Pin 15 

T 

12V 

Pin 15 

T 

Gnd 

Pin 15 

T 

Open 


T 

Vcci 
(Pin 15) 

Vcc2 
(Pin 16) 

Open 

5.5 V 

Open 

Pin 15 

5.5V 

Open 

Open 

Open 

13.2V 

Pin 15 

T 

13.2V 


FIGURE 3. V,(oPEN) 
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0—0 13.2 V 


dc test circuits (con't) 



Each output is tested separately. 


All four line receivers are tested simultaneously. 

FIGURE 4. Iqs FIGURE 5. Iqc 

ac test circuit and switching time waveforms 


INPUT 5V OUTPUT 




Note 1 : The pulse generator has the following characteristics: Zqut 1w ~ ZOO ns, duty cycle < 20%. 
Note 2: Ct includes probe and jig capacitance 

FIGURE 6. 


typical performance characteristics 


Output Voltage vs 
Input Voltage 



INPUT VOLTAGE (V) 
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Memory/Clock Drivers 


DS0025/DS0025C two phase MOS clock driver 


general description 

The DS0025/DS0025C is monolithic, low cost, 
two phase MOS clock driver that is designed to be 
driven by TTL/DTL line drivers or buffers such as 
the DM932, DS8830 or DM7440. Two input 
coupling capacitors are used to perform the le'vel 
shift from TTL/DTL to MOS logic levels. Optimum 
performance in turn-off delay and fall time are 
obtained when the output pulse is logically, con- 
trolled by the input. However, output pulse widths 
may be set by selection of the input capacitors 
eliminating the need for tight input pulse control. 


features 

■ 8-lead TO-5 or 8-lead dual-in-line package 

■ High Output Voltage Swings— up to 30V 

,■ High Output Current Drive Capability-up to 
1.5A , 

■ Rep. Rate: 1.0 MHz into > 1000 pF 

■ Driven by DM932, DS8830, DM7440 (SN7440) 

■ "Zero" Quiescent Power 


connection diagrams 

Metal Can Package 
V* 



Note; Pin 4 connected to case. 

TOP VIEW 

Order Number DS0025H or DS0025CH 

typical application 


Dual-ln-Line Package 



Order Number DS0025CN 



A. Input pulse width . 
- clock pulse 
width 


ac test circuit 


B. Input pulse width 
sets clock pulse 
width ' 


Input waveform; 
PRR = 0.5WIHz 
Vp-p = 5.0V 
t, = tf <10 ns 
Pulse width: 

A. 1.0ms 

B. 200 ns 



50 pF 

r^h 

50 S 



1 


f 

DS002S 



1000 pF 1 



1 


in: 




1000 pF 
OVoUTZ 


*Q1 is selected high speed NPN switching transistor. 
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DS002S/DS0025C 


absolute maximum ratings (Note i) 

(V^ - V ) Voltage Differential 30V 

Input Current 100mA 

Peak Output Current 1 .5A 

Storage Temperature -65° C to +1 50° C 

Operating Temperature DS0025 -55°C to +125°C 

DS0025C P°C to +85° C 

Lead Temperature (Soldering, 10 s^) 300°C 


electrical characteristics ^Notes 2 and 3) See test circuit. 


CONDITIONS 


C|(vj “ 0.001/itF, R|(^ — 0^2, Cj_ — O.OOIjLiF 


CiN “ O.OOIjuF, R|fg = 00 , Cl = 0.001/uF 


C,N O.OOIjuF, R,n = on. Cl = O.OOImF, 
(Note 4) 

C|(ig — O.OOIjuF, R||si — on, ■ (Note 4) 

Cl = 0.00 1a(F (Note 5) 

c,N = o.ooiAtF, r,n = on. 

Cl = O.OOliuF (Note 5) 

ViN=0V. »ouT=-1 mA 

li(\j — 10 mA, Iqut ~ 1 rnA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55*’C to +125°C temperature range for the DS0025 and across the 0°C to 
+70“ C range for the DS0025C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. Alt 
values shown as max or min on absolute value basis. 

Note 4: Parameter values apply for clock pulse width determined by input pulse width. 

Note 5: Parameter values for input pulse width greater than output clock pulse width. 

typical performance 

Transient Power vs Rep. Rate DC Power (PdcI vs Duty Cycle 


1 PARAMETER 

tdON 

Turn-On Delay Time 

^RISE 

Rise Time 

tdOFF 

Turn-Off Delay Time 

^FALL 

Fall Time 

PW 

Pulse Width. (50% to 50%) 

Vo. 

Positive Output Voltage Swing 

Vo- 

Negative Output Vriltage Swing 





y - 

r = 20 v/ 



f 



/ 



^7 


7 



U 









.5 1.0 1.5 2.0 

PULSE REPETITION RATE (MHz) 
>AC = {V^-V-)*fCL 
Maximum Load Capacitance 



10 20 30 40 so 60 70 8 
DUTY CYCLE {%) 



Output PW Controlled by C|pj 


I roR imruT Ruisf < h « r.c,n ■» 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
FREQUENCY (MHz) 

C . <»*max) (Ik) - IV" - V)" (PC) (Iph) (t,) 

*• (f) (Ik) (V* - v-)2 r-y 


200 600 1000 1400 1800 2200 

Cm m 

Imax Feak current delivered by driver 
, Vbe 0.6 

hT 
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applications information 

Circuit Operation 

Input current forced into the base of through the 
coupling capacitor Ci^ causes Qi to be driven into 
saturation, swinging the output to V“ + VcE(sat) + 

^Diode- 

When the input current has decayed, or has been 
switched, such that Q-j turns off, Q 2 receives base 
drive through R 2 , turning Q 2 on. This supplies 
current to the load and the output swings positive 
to V^-Vbe- 

It may be noted that Qi must switch off before 
Q 2 begins to supply current, hence high internal 
transients currents form V“ to cannot occur. 



Fan-Out Calculation 

The drive capability of the DS0025 is a function 
of system requirements, i.e. speed, ambient tem- 
perature, voltage swing, drive circuitry, and stray 
wiring capacity. 

The following equations cover the necessary cal- 


example calculation 


How many MM506 shift registers can be driven by 
a DS0025CN driver at 1 MHz using a clock pulse 
width of 200 ns, rise time 30-50 ns and 16V am- 
plitude over the temperature range 0-70°C? 

Power Dissipation: 

At 70°C the DS0025CN can dissipate 870 mW 
when soldered into printed circuit board. 

Transient Peak Current Limitation: 

From equation (1), it can be seen that at 16V and 
30 ns, the maximum load that can be driven is 
limited to 2800 pF. 

Average Internal Power: 

Equation (3), gives an average power of 50 mW at 
16V and a 20% duty cycle. 


culations to enable the fan-out to be calculated 
for any system condition. 

Transient Current 

The maximum peak output current of the DS0025 
is given as 1.5A. Average transient current required 
from the driver can be calculated from: 


Typical rise times into 1000 pF load is 25 ns 
For V" - V = 20V, I = 0.8A. 

Transient Output Power 

The average transient power (Pac) dissipated, is 
equal to the energy needed to charge and discharge 
the output capacitive load (Cl) multiplied by the 
frequency of operation (f). 

Pac = ClX (V^- V")%f (2) 

For V^ - V“ = 20V, f = 1.0 MHz, Cl = 1000 pF, 
Pac = 400 mW. 

Internal Power 

"0" State Negligible «3 mW) 

"1" State 

(V+ -V")^ 

^ 

= 80 mW for V"^ - V" = 20V, DC = 20% 
Package Power Dissipation 

Total average power = transient output power + 
internal power 


For one-half of the DS0025C, 870 mW -r 2 can be 
dissipated. 

435 mW = 50 mW + transient output power 
385 mW = transient output power 

Using equation (2) at 16V, 1 MHz and 350 mW, 
each half of the DS0025CN can drive a 1367 pF 
load. This is less than the load imposed by the 
transient current limitation of equation (1) and 
so a maximum load of 1367 pF would prevail. 


From the data sheet for the MM506, the average 
clock pulse load is 80 pF. Therefore the number 
of devices driven is 1367/80 or 17 registers. 
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DS0026, D 


Memory/C lock Drivers 


DS0026, DS0056 5 MHz two phase MOS clock drivers 
general description 



DS0026/DS0056 are low cost monolithic high speed 
two phase MOS clock drivers and Interface circuits. 
Unique circuit design provides both very high speed 
operation and the ability to drive large capacitive loads. 
The device accepts standard TTL/DTL outputs and 
converts them to MOS logic levels. They may be driven 
from standard 54/74 series and 54S/74S series gates 
and flip-flops or from drivers such as the DS8830 or 
DM7440. The DS0026 and DS0056 are Intended for 
applications in which the output pulse width is logically 
controlled; i.e., the output pulse width is equal to the 
input pulse width. 

The DS0026/DS0056 are designed to fulfill a wide 
variety of MOS interface requirements. As a MOS clock 
driver for long silicon-gate shift registers, a single device 
can drive over 10k bits at 5 MHz. Six devices provide 
input address and precharge drive for a 8k by 16-bit 
1103 RAM memory system. Information on the correct 
usage of the DS0026 in these as well as other systems is 
included in the application note AN-76A. 

The DS0026 and DS0056 are identical except each 
driver in the DS0056 is provided with a Vge connection 
to supply a higher voltage to the output stage. This aids 


in pulling up the output when it is in the high state. An 
external resistor tied between these extra pins and a 
supply higher than V*" will cause the output to pull up 
to (V+-0.1V) in the off State. 

For DS0056 applications, it is required that an external 
resistor be used to prevent damage to the device when 
the driver switches low. A typical Vbb connection is 
shown on the next page. 

These devices are available in 8-lead TO-5, one watt 
copper lead frame 8-pin mini-DIP, and one and a half 
watt ceramic DIP, and TO-8 packages. 

features 

■ Fast rise and fall times— 20 ns with 1000 pF load 

■ High output swing— 20V 

■ High output current drive— ±1.5 amps 

■ TTL/DTL compatible inputs 

■ High rep rate— 5 to 10 MHz depending on power 
dissipation 

■ Low power consumption in MOS "0" state— 2 mW 

■ Drives to 0.4V of GND for RAM address drive 


connection diagrams 

TO-5 Package 



Note; Pin 4 connected to case. 

TOP VIEW 

Order Number DS0026H 
or DS0026CH 

TO-5 Package 



Note; Pin 4 connected to ca 
TOP VIEW 


Order Number DS0056H 
or DS0056CH 


Dual-1 n-Line Package 

NC OUT A OUTB 

l» l« Is 


r 


> AA 




I’ 

NC IN A \r INB 
TOP VIEW 

Order Number 
OS0026CN 

Duai-ln-Line Package 

OUT A V+ Vbbb OUTB 



'bba in a v~ ini 

TOP VIEW 

Order Number 
DS0056CN 


TO-8 Package 

IN A 


Dual-I n-Line Package 

NC OUTB NC INB NC NC 




Order Number DS0026G 
or DS0026CG 


TO-8 Package 


NC 

TOP VIEW 

Order Number DS0026J, DS0026CJ 
or DS0026W 

Dual-In-Line Package 
Vbbb OUTB NC 



Order Number DS0056G 
or DS0056CG 


TOP VIEW 

Order Number DS0056J 
or DS0056CJ 



absolute maximum ratings (NoteD 

V’*'-'/- Differential Voltage 22V 

Input Current 100mA 

Input Voltage (V|n - V) 5.5V 

Peak Output Current 1.5A 

electrical characteristics (Notes 2 and 3) 

Operating Temperature Range 

DS0026, DS0056 -55°C to +1 25°C 

DS0026C, DS0056C 0°C to +70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H Logic "1" Input Voltage 

> 

o 

II 

> 

2 

1.5 


V 

1 1 H Logic “ 1 " 1 nput Cu rrent 

1 V,n-V- = 2.4V 


10 

15 

mA 

V|i_ Logic "0” Input Voltage 

< 

o 

< 


0.6 

0.4 

V 

lii_ Logic "0" Input Current 

> 

0 

> 

1 

z. 

> 


-3 

-10 

ma 

VoL Logic “1" Output Voltage 

V,n-V- = 2.4V 


V-+0.7 

V"+1.0 

V 

Vqh Logic "0" Output Voltage 

V,N-V =0.4V, Vbb>V^-i-1.0V 

DS0026 

V+-1.0 

V+-0.7 


V 

DS0056 

V+-0.3 

v+-c.i 


V 

*cc(oN) "ON” Supply Current 

V+-V- = 20V V,n-V- = 2.4V 
(Note 6) (one side on) 

DS0026 


30 

40 

mA 

DS0056 


12 

30 

mA 

■cc(OF;F) "OFF" Supply Current 

- V- = 20V, 
V|N -v- = OV 


10 

50 

100 

500 

ma 

ma 

switching characteristics (Ta = 25°o (Notes5and7) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

^ON Turn-on Delay 

(Figure 1) 

5 

7.5 

12 

ns 

(Figure 2) 


11 


ns 

toFF Turn-off Delay 

(Figure 1) 


12 

15 

ns 

(Figure 2) 


13 


ns 

tr Rise Time 

(Figure 1), 
(Note 5) 

C 

I_ = 500 pF 


15 

18 

ns 

C 

L = 1000 pF 


20 

35 

ns 

(Figure 2), 
(Note 5) 

c 

L = 500 pF 


30 

40 

ns 

c 

L = 1000pF 


36 

50 

ns 

tf Fall Time 

(Figure 1), 
(Note 5) 

c 

L = 500 pF 


12 

16 

ns 

c 

L = 1000 pF 


17 

25 

ns 

(Figure 2), 
(Note 5) 

c 

L = 500 pF 


28 

35 

ns 

c 

L = 1000 pF 


31 

40 

ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the sa 

Temperature Range" they are not meant to imply that the devices should be c 
provides conditions for actual device operation. 

Note 2: These specifications apply for V^ - V~ = 10V to 20V, C|_ = 1000 pF, 
DS0056 and 0°Cto +70° C for the DS0026C, DS0056C. 

Note 3; All currents into device pins shown as positive, out of device pins as n 
All values shown as max or min on absolute value basis. 

Note 4: All typical values for the T^ = 25°C. 

Note 5: Rise and fall time are given for MOS logic levels; i.e., rise time is transitio 
Note 6: IgB ^or DS0056 is approximately (VgB ~ V~)/1 kfi (for one side) when 
Note 7: The high current transient (as high as 1.5A) through the resistance of 
from the high state to the low state can appear as negative feedback to the inpi 
V~ is electrically long, or has significant dc resistance, it can subtract from the sw 

typical VgB connection osoose 

Vbb=+8V 

r+n 

■ Lil 

fety of the device cannot be guaranteed. Except for "Operating 
perated at these limits. The table of "Electrical Characteristics" 

over the temperature range of — 55°C to +125°C for the DS0026, 

egative, all voltages referenced to ground unless otherwise noted. 

n from logic "0" to logic "1" which is voltage fall, 
output is low. 

the external interconnecting V~ lead during the output transition 
Lit. If the external interconnecting lead from the driving circuit to 
itching response. 

► Ik 

> 


, 

Li 

z 


8 



o 

4 

V=-12V 

5 

~o 
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DS0026, DS0056 







DS0026, DS0056 


ac test circuits and switching time waveforms 


+20V 



FIGURE 1. 



FIGURE 2. 


typical applications 


DC Coupled RAIVI Memory Address or Precharge 

AC Coupled MOS Clock Driver Driver (Positive Supply Only) 






application hints 


DRIVING THE Miy/15262 WITH THE 
DS0056 CLOCK DRIVER 

The clock signals for the MM5262 have three require- 
ments which have the potential of generating problems 
for the user. These requirements, high speed, large 
voltage swing and large capacitive loads, combine to 
provide ample opportunity for Inductive ringing on clock 
lines, coupling clock signals to other clocks and/or 
inputs and outputs and generating noise on the power 
supplies. All of these problems have the potential of 
causing the memory system to malfunction. Recognizing 
the source and potential of these problems early In the 
design of a memory system is the most critical step. 
The object here is to point out the source of these 
problems and give a quantitative feel for their magnitude. 

Line ringing comes from the fact that at a high enough 
frequency any line must be considered as a transmission 
line with distributed inductance and capacitance. To 
see how much ringing can be tolerated we must examine 
the clock voltage specification. Figure 6 shows the clock 



g) = Minimum threshold voltage. 


FIGURE 6. Clock Waveform 


specification, in diagram form, with Idealized ringing 
sketched in. The ringing of the clock about the Vss level 
Is particularly critical. If the Vss ~ ^ Vqh >s not main- 
tained, at a// times, the Information stored In the memory 
could be altered. Referring to Figure 1 , If the threshold 
voltage of a transistor were -1.3V, the clock going to 
Vss ~ 1 would mean that all the devices, whose gates 
are tied to that clock, would be only 300 mV from 
turning on. The internal circuitry needs this noise 
margin and from the functional description of the RAM 
it is easy to see that turning a clock on at the wrong 
time can have disastrous results. 

Controlling the clock ringing is particulary difficult 
because of the relative magnitude of the allowable 
ringing, compared to the magnitude of the transition. 
In this case it is IV out of 20V or only 5%. Ringing 
can be controlled by damping the clock driver and 
minimizing the line inductance. 

Damping the clock driver by placing a resistance in 
series with Its output is effective, but there Is a limit 
since it also slows down the rise and fall time of the 
clock signal. Because the typical clock driver can be 
much faster than the worst case driver, the damping 
resistor serves the useful function of limiting the 
minimum rise and fall time. This Is very important 
because the faster the rise and fall times, the worse the 
ringing problem becomes. The size of the damping 
resistor varies because it Is dependent on the details of 
the actual application. It must be determined empirically. 
In practice a resistance of 10 ohms to 20 ohms is usually 
optimum. 


Limiting the inductance of the clock lines can be 
accomplished by minimizing their length and by laying 
out the lines such that the return current is closely 
coupled to the clock lines. When minimizing the length 
of clock lines it is important to minimize the distance 
from the clock driver output to the furthest point 
being driven. Because of this, memory boards are 
usually Sesigned with clock drivers in the center of 
the memory array, rather than on one side, reducing the 
maximum distance by a factor of 2. 

Using multilayer printed circuit boards with clock lines 
sandwiched between the Vqq and Vss power plains 
minimizes the inductance of the clock lines. It also 
serves the function of preventing the clocks from coupling 
noise into input and output lines. Unfortunately multi- 
layer printed circuit boards are more expensive than 
two sided boards. The user must make the decision as 
to the necessity of multilayer boards. Suffice It to say 
here, that reliable memory boards can be designed using 
two sided printed circuit boards. 

The recommended clock driver for use with the MM4262/ 
MM5262 is the DS0056/DS0056C dual clock driver. 
This device is designed specifically for use with dynamic 
circuits using a substrate, Vbb/ supply. Typically it will 
drive a 1000 pF load with 20 ns rise and fall times. 
Figure 7 shows a schematic of a single driver. 


0—1 1—0 

II INP 



FIGURE 7. Schematic of 1/2 DS0056 

In the case of the MM5262, V^ Is a +5V and Vbb is 
+8.5V. Vbb should be connected to the Vbb 
shown in Figure 7 through a 1 kJ^ resistor. This allows 
transistor Q4 to saturate, pulling the output to within a 
Vce(sat) of the V"*" supply. This is critical because as 
was shown before, the Vss ~ clock level must not 
be exceeded at any time. Without the Vbb PoU up on 
the base of Q4 the output at best will be 0.6V below 
the supply and can be IV below the V*" supply 
reducing the noise margin or this line to zero. 
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DS0026, DS0056 


application hints (cont') 


Because of the amount of current that the clock driver 
must supply to its capacitive load, the distribution of 
power to the clock driver must be considered. Figure 8 
gives the idealized voltage and current waveforms for a 
clock driver driving a 1000 pF capacitor with 20 ns 
rise and fall time. 



+8.5V 



10-®F20V 
20x10‘®sbc ' 


FIGURE 8. Clock Waveforms (Voltage and Current) 


As can be seen the current is significant. This current 
flows in the Vd 0 and Vss power lines. Any significant 
inductance in the lines will produce large voltage 
transients on the power supplies, A bypass capacitor, 
as close as possible to the clock driver. Is helpful in 
minimizing this problem. This bypass Is most effective 
when connected between the Vss 3 *^^! Vqq supplies. A 
bypass capacitor for each DS0056 Is recommended. 
The size of the bypass capacitor depends on the amount 
of capacitance being driven. Using a low Inductance 
capacitor, such as a ceramic or silver mica. Is most 
effective. Another helpful technique is to run the Vqd 
and Vss lines, to the clock driver, adjacent to each 
other. This tends to reduce the lines inductance and 
therefore the magnitude of the voltage transients. 

While discussing the clock driver, it should be pointed 
out that the DS0056 Isa relatively low input impedance 
device. It is possible to couple current noise into the 
Input without seeing a significant voltage. Since this 
noise is difficult to detect with an oscilloscope it is 
often overlooked. 

Lastly, the clock lines must be considered as noise 
generators. Figure 9 shows a clock coupled through a 
parasitic coupling capacitor, Cc, to eight data input 
lines being driven by a 7404. A parasitic lumped line 


Inductance, L, Is also shown. Let us assume, for the sake 
of argument, that Cc is 1 pF and that the rise time of 
the clock is high enough to completely isolate the clock 
tranisent from the 7404 because of the inductance, L. 


0 



FIGURE 9. Clock Coupling 


With a clock transition pf 20V the magnitude of the 
voltage generated across C|_ is: 


Cc 

V = 20Vx 

Cl+Cq 



- 0.35V 


This has been a hypothetical example to emphasize 
that with 20V low rise/fall time transitions, parasitic 
elements can not be neglected. In this example, 1 pF 
of parasitic capacitance could cause system malfunction, 
because a 7404 without a pull up resistor has typically 
only 0.3V of noise margin in the state at 25°C. 
Of course It is stretching things to assume that the 
inductance, L, completely isolates the clock transient 
from the 7404. However, it does point out the need 
to minimize Inductance In input/output as well as 
clock lines. 


The output Is current, so it Is more meaningful to 
examine the current that is coupled through a 1 pF 
parasitic capacitance. The current would be: 


AV 

I = Cc X — = 
At 


1 x10~^^x20 
20x 10"® 


1 mA 


This exceeds the total output current swing so it Is 
obviously significant. 


Clock coupling to inputs and outputs can be minimized 
by using multilayer printed circuit boards, as mentioned 
previously, physically isolating clock lines and/or run- 
ning clock lines at right angles to input/output lines. 
All of these techniques tend to minimize parasitic 
coupling capacitance from the clocks to the signals in 
question. 

In considering clock coupling it is also Important to 
have a detailed knowledge of th6 functional characteristics 
of the device being used. As an example, for the MM5262, 
coupling noise from the 02 clock to the address lines 
is of no particular consequence. On the other hand the 
address inputs will be sensitive to noise coupled from 
01 clock. 
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Memoty/Clock Drivers 


NATIONAL 


DS3629 memoiY driver with decode inputs 


general description 

The DS3629 is a monolithic memory driver which 
features two 400 mA (source/sink) switch pairs along 
with decoding capability from four address lines. Inputs 
B and C function as mode selection lines (source or 
sink) while lines A and D are used for switch-pair 
selection (output pair Y/Z or W/X). The DS3629 has 
the same pin-out and function as the DS75324 except 
that the source emitter voltage capability has been 
raised from 3V to 7V. This allows the DS3629 to drive 
larger memory systems at the same current levels of the 
DS75324. 

features 

■ Source emitter voltage of 7V (max) at 400 mA source 


Identical pin-out and function as DS75324 

400 mA output capability 

High voltage outputs 

Dual sink/source outputs 

Internal decoding and timing circuitry 

Fast switching times 

DTL/TTL compatible 

Input clamping diodes 
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DS3629 


absolute maxlmuhi ratings (Note i) 


Supply Voltage Vcc (Note 4) 

Input Voltage (Note 5) 

Operating Case Temperature Range 

Power Dissipation 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


17V 
5.5V 
0°C to +70°C 
600 mW 
-65°Cto+150'’C 
300°C 



dc electrical characteristics (Notes 2 and 3) (Vcc == 14V, Tc = 0°C to +70°C-unless otherwise noted) 


PARAMETER | 

CONDITIONS 

MIN. , I 

TYP 

MAX 

UNITS 

V|N(1) 

Input Voltage Required to Insure 
Logical "1" At Any Input 

(Figure 1) 

H 



V 

V|N(0) 

Input Voltage Required to Insure 
Logical "0" At Any Input 

(Figure 1) 



0.8 

V 

•lN(1) 

Logical "1" Level Input Current 

V,N = 5V, 

(Figure 1) 

Address Input 



200 

HA 



Timing Input 



100 

HA 

•(N(0) 

Logical "0" Level Input Current 



Address Input 



-6 

mA 




Timing Input 



-12 


VSAT 

Saturation Voltage 

(Figure 2} 

•sink— 420 mA, 
Rl = 5312 

Sink 


0.75 

0.85 




•source “ 420 mA, 
Rl= 39.012 , 

Source 


0.75 

0.85 

|S 

•off 

Output Reverse Current 
("OFF^' State) 

> 

o 

2 

> 

(Figure 1) 



125 

200 

iuA 

•cc 

Supply Current 

V|N = OV, (Figure 3} 

All Sources and 
Sinks "OFF" 


12:5 

15 

mA 



(Figure 4) 

Either Sink Selected 


30 

miiQiiiiiii 

mA 



Either Source Selected 


‘25 

35 

mA 

V| 

Input Clamp Voltage 

liN =-12mA, Ta =25°C 



-1.5 

V 


ac electrical characteristics (Vcc = i4v, T c = 25'^c) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdi , Propagation Delay Time to Logical "I" 

Level 

Cl =20pF 

Rli = 5312, 
Rl 2 ~ 500f2, 
(Figured) 

Source Output 

■ 

■ 

90 

ns 

Rl = 5312, 
(Figure 6) 

Sink Output 



110 

ns 

tpdo Propagation Delay Time to Logical "0" 

Level 

Cl = 20 pF 

Rli =5312, 
Rl2 = 50012, 
(Figure 5) 

Source Output 

■ 

■ 

50 

ns 

Rl = 5312,. 
(Figure'S) 

Sink Output 



40 

ns 

tj Sink Storage Time 

Rl = 5312, Cl = 20 pF, (Figure 6) 



70 

ns 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to irnply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. ’ 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range for the DS3629. All typical values are for 
Ta = 25°C and Vcc = 14V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Voltage values are with respect to network ground terminal. 

Note 5: Input signals must be zero or positive with respect to network ground terminal. ' 
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truth table 


INPUTS 

OUTPUTS 

ADDRESS 

TIMING 

SINK 

SOURCES 

SINK 

A 

B 

c 

D 

E 

F 

G 

w 

X 

Y 

Z 

0 

0 

1 

1 

1 

1 

1 

ON 

OFF 

OFF 

OFF 

0 

1 

0 

1 

1 

1 

1 

OFF 

ON 

OFF 

OFF 

1 

1 

0 

0 

1 

1 

1 

OFF 

OFF 

ON 

OFF 

1 

0 

1 

0 

1 

1 

1 

OFF 

OFF 

OFF 

ON 

X 

X 

X 

X 

0 

X 

X 

OFF 

OFF 

OFF 

OFF 

X 

X 

X 

X 

X 

0 

X 

OFF 

OFF 

OFF 

OFF 

X 

X 

X 

X 

X 

X 

0 

OFF 

OFF 

OFF 

OFF 


test circuits and switching time waveforms 


l|N(0) 



•lN(1) 



TEST 

PER 

TRUTH 

AND 

TEST 

TABLES 

(SEE NOTES) 




Nate 1 ; Check V|n(^) and Mm(o) per truth table. 

Note 2: Measure I|n(q) per test table. 

Note 3; When measuring InyK^), all other inputs are at ground. Each input is tested separately. 


TEST TABLE FOR I,n(o) 


APPLY 3.5V 

GROUND 

TEST 

l|N(0) 

B, C, E, F, and G 

A and D 

A 

B, C, E, F, and G 

A and D 

D 

A, D, E, F,and G 

B and C 

B 

A, D, E, F, and G 

B and C 

C 

A, B, C, D, F,and G 

E 

E 

A, B, C, D, E, and G 

F 

F 

A, B, C, D, E, and F 

G 

G 


FIGURE 1. V||vi(o),V,|v|(«|),I|N(o),I|N( 1) and IqFF 
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test circuits and switching time waveforms (con't) 










DS3629 







Memory/Clock Drivers 

Advance Information* 

NATIONAL 

DS1640/DS3640, DS1670/DS3670 quad MOS TRI-SHARE™ port drivers 
general description 

The DS1640/DS3640 and DS1 670/DS3670 are quad 
MOS TRI-SHARE port drivers with outputs designed to 
drive large capacitive loads up to 500 pF associated 
with MOS memory systems. PNP input transistors are 
employed to reduce input current, allowing the large 
fan-out to these drivers needed in memory systems. 

The circuit has Schottky-clamped transistor logic for 
minimum propagation delay. 

The DS1640/DS3640 has a 15 ohm resistor in series 
with the outputs to dampen transients caused by the 
fast switching output circuit. The DS1670/DS3670 has 
a direct, low impedance output source for use with or 
without an external resistor. 

The DS1640/DS1670 has two address inputs which 
decode to one-of-four-high outputs. Provisions are made 


for address expansion. For example, two packages may 
be used to implement a three-input, eight-outp ut decoder. 
Also included is a refresh control, read/write, and strobe 
input. These functions are required by the MM5270 
4k TRI-SHARE MOS RAM. 


features 

■ TRI-SHARE port driver for MM5270 RAM 

■ TTL/DTL compatible inputs 

■ PNP inputs minimize loading 

■ Capacitance-driving outputs 

■ Built-in damping resistor (DS1640/DS3640) 



logic and connection diagrams 



Dual-ln-Line Package 



schematic diagram 


Order Number DS1640J, DS1670J, DS3640J, 
DS3670J or DS3640N, DS3670N 


EQUIVALENT INPUT > EQUIVALENT OUTPUT 
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DS1640/DS3640, DS1670/DS3670 




DS1640/DS3640. DS1670/DS3670 


absolute maximum ratings (Notei) 

Supply Voltage, Vqc 

Logical "1" Input Voltage, V|[yj(i) 7V 

Logical "0'^ Input Voltage, V|n(o) -1-5V 

Logical "1" Output Current, IqsID 
Logical "0" Output Current, los(O) 

Storage Temperature Range -65®Cto150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Power Dissipation (Pq) 

Ceramic Package 1160 mW 

Molded Package lOOOmW 


operating conditions 

Supply Voltage (Vcc) 4 

Temperature (Ta) 

DS1640, DS1670 -5! 

DS3640, DS3670 0 


* Derate ceramic package at 80‘'C/W above 70‘*C; derate molded 
package at 90® C/W above 70* C. 


electrical characteristics (Notes 2 and 3) 


PARAMETER 


CONDITIONS 


V|N(1> 

Logical "1" Input Voltage 

V|N(0) 

Logical "0" Input Voltage 

•lN(1) 

Logical "1" Input Current 


hN<o) Logical "0" Input Current 


Vcc = 5.5V, 
V,^, = 5.5V 


Vcc = 5.5V, 
V,N = 0.5V 


Address Disable, Expansion inputs 


Address Inputs 


Other Inputs 


Address Disable, Expansion Inputs 


Address inputs 


I Other Inputs 

VcLAMP Input Clamp Voltage Vcc = 4.5V, liN"=“18mA 

Vqh (NL) Logical "1" Output Voltage Vcc 4.5V, Iqh = 0 

(No Load) 

VoL(NL) Logical "0" Output Voltage Vcc ~ 4.5V, 

(No Load) 


VoH(WL) Logical "1" Output Voltage Vcc ~ 4.5V, Iqh = 
(With Load) 


VoL(WL) Logical “0" Output Voltage Vcc ~ 4.5V, Iql ~ 20 mA 
(With Load) 


Vcc = 4.5V, VouT = OV, (Note 4) 


OD Logical "0" Drive Current Vcc ~ 4.5V, Vqut “ 4.5V, (Note 4) 


•cc(MAx) Maximum Power Supply 
Current 


*cc(MiN) Minimum Power Supply 
Current 


MIN TYP 


2.0 


MAX UNITS 


V 


DS1640/DS3640 


DS1670/DS3670 


DS1640/DS3640 


DS1670/DS367Q 




switching characteristics Ta = 25°C, Vcc = 5V, unless otherwise noted. 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55“C to +125°C temperature rapge for the DS1640 and DS1670 and 
across the 0®C to +70® C range for the DS3640 and DS3670. All typical values are for T^ “ 25® C and Vcc ® 5V. 

Note 3: All currents into device pins s;hown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1670 and DS3670 a 15 ohm resistor should be placed in series 
with each output. This resistor is internal to the DS1640/DS3640, and need not be added. 
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truth table 


ADD 

A 

ADD 

B 

ADD 

DSBL 

EXPAN 


RFSH 

R/W 

STB 

OUT 
A • B 

OUT 
A* B 

OUT 
A • B 

OUT 
A- B 

EXPAN 

0 

0 

0 

,0 

1 

0 


■■ 

1 

0 

0 

0 

0 

1 

0 

0 

1 

0 



0 

1 

0 

0 

1 

0 

0 

0 

1 

0 



0 

0 

1 

0 

1 

1 

0 

0 

1 

0 



0 

0 

0 

1 

■■ 

0 

1 

0 

1 

, 0 



1 

1 

1 

1 

WM 

X 

X 

1 

X 

X 



0 

0 

0 

0 


X 

X 

X 

0 

X 



0 

0 

0 

0 

WM 

X 

X 

X 

X 

1 


X 

0 

0 

0 

0 

HB 

X 

X 

X 

X 

X 


HDI 

0 

° 

0 

0 


X * Don't Care; * = read/write and strobe not both high at same time. 


ac test circuit and switching time waveforms 


Vcc 




3.0V 

04V 


*lnput frequincy - 1 MHz, duty eyde = SOK, t, = t( 2.S lu 


typical application 


The DS3640/DS3670 driver is intended for use in RAM. Its address inputs facilitate decoding, and its 

driving the TRI-SHARE port of the MM5270 4k MOS direct controls simplify the refresh cycle. 




ONE DRIVER OUTPUT 5 pF 

OF FOUR IS HIGH (EACH RAM) 


‘50 pF FOR 
WIRING 
CAPACITANCE 
INCLUDED 
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DS1640/DS3640. DS1670/DS3670 


























DS1642/DS3642, DS1672/DS3672 


NATIONAL 

DS1642/DS3642, DS1672/DS3672 
general description 

The DS1672 is a dual bipolar-to-MOS clock driver 
designed to provide high output current and voltage capa- 
bilities necessary for driving high capacitance (up to 
500 pF) MOS memory systems. The circuit needs only 
one power supply, (12V typical). This feature greatly 
reduces high stand-by power levels and at the same time 
simplifies system design. 

The circuit also features output bootstrapping capability. 
This feature eliminates the need for an additional high 
level supply to provide a higher voltage to the output 
stage. The function is accomplished by connecting a 
small value capacitor (typically 200 pF) from each 
output to each driver's bootstrap pin. 

The circuit has Schottky-clamped transistor logic for 
minimum propagation delay. Typical stand-by power 
(output low) is 45 mW per driver. A fail-safe condition 


Memory/Clock Drivers 

Advance Information* 


dual bootstrapped MOS clock driver 

is provided for in the circuit, so if the input is opened 
the output assumes the logic "0" state. 

The DS1 642/DS3642 has a 10 ohm resistor in series 
with each output to dampen transients caused by the 
fast-switching output. The DS1672/DS3672 has a direct 
low impedance output for use with or without an 
external resistor. 

features 

■ 15V output voltage capability 
P TTL/DTL compatible inputs 

■ High speed operation 

■ Bootstrapping eliminates extra supplies— reduces 
power 

■ 45 mW/driver stand-by power 

■ Built-in 10 ohm damping resistor (DS1642/DS3642) 


schematic diagram 



Metal Can Package 


Vcc 



TOP VIEW 

Order Number DS1642H, DS3642H, 
OS1672H or DS3672H 


Oual-in-Line Package 


Dual-In-Line Package 



Order Number OS3642N 
or DS3672N 


Order Number DS1642J, DS3642J, 
DS1672J or DS3672J 


•Specifications may change. 
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absolute maximum 

ratings (Note i) 

operating conditions 



Supply Voltage 


15V 


MIN 

MAX 

UNITS 

Bootstrap— V qq Differential 


15V 

Supply Voltage (Vqc) 




Bootstrap Pin Voltage 


30V 

DS1642, DS1672 

10.8 

13.2 

V 

Input Voltage 


5.5V 

DS3642, DS3672 

11.4 

12.6 

V 

Input Current 


10 mA 





Output Voltage 


-1 .OV to-H5V 

Bootstrap— V qc Differential 




Storage Temperature Range 


-65° C 

Voltage (Vg-Vcc) 




Lead Temperature (Soldering. 10 seconds) 

300° C 

DS1642. DS1672 

10.8 

13.2 

V 

Power Dissipation* (Pq) 



DS3642, DS3672 

11.4 

12.6 

V 

Ceramic Package 


1160 mW 

Temperature {T/\) 




Molded Package 


890 mW 

DS1642, DS1672 

-55 

-M25 

°c 

Metal Can 


525 mW 

DS3642, DS3672 

0' 

+70 

°c 


* Derate ceramic package at 80°C/W above 70®C; derate molded 
package at 90°C/W above 70°C; derate metal can package at 
200° C/W above 70° C. 


dc electrical characteristics 

DS1642, DS1672 Vcc = 12V ±10%, -55°C < Ta < +125°C, unless otherwise noted. 
DS3642, DS3672 Vcc = 12V ±5%, 0°C < < ±70'"C, unless otherwise noted. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logical "1" Input Voltage 


2.0 

1.4 


V 

V,u 

Logical "0" Input Voltage 




0.8 

V 

I.H 

Logical "1" Input Current 

V,N = 2.4V 

„■ ... „j 

900 


IdA 



V,N = 5.5V 

i 

4 


mA 

ItL 

— 
Logical "0" Input Current 

< 

2 

II 

O 

< 


-240 


ma 

< 

o 

D 

Input Clamp Voltage 

I|N = -5 mA 


-0.9 


V 

I 

O 

> 

Logical "1." Output Voltage 

Vb>Vcc + 2V, Iout=-400mA 


Vcc-0.2 


V 

VoL 

Logical "0" Output Voltage 

•out = 400mA, Bootstrap Pin (Vg) Open 


0.3 


V 

Rb 

Bootstrap Resistor 



3.0 


kJ2 

'cc(l) 

Supply Current 

V|N = 0V,(Both Drivers OFF), 

Bootstrap Pin (Vb) Open 


0.9 

j 

^ 1 

mA 



Outputs Open 

Vb = Vcc + 7V 


-3.8 

! 

mA 

'b(I) 

Bootstrap Current 

1 (Both Drivers) | 


3.8 


mA 

*CC(0) 

Supply Current 

V|N = 2.4V, Bootstrap Pin (Vg) 
Open 

(Both Drivers ON) 
Outputs Open 


7.7 




mA 



switching characteristics (Note 4) Vcc = 12V, = 25°C, (Figure 1) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdo Propagation Delay to a 

Logical "0" 

Rd = 1012 

C|_ = 50 pF 


14 


ns 

Cu = 250 pF 


20 


ns 

Cl = 500 pF 


29 


ns 

tpdi Propagation Delay to a 

Logical "1" 

Rd = 10J2 

Cl = 50 pF 


16 


ns 

Cl = 250 pF 


23 

1 

ns 

Cl = 500 pF 


30 


ns 


Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the —55° C to +125°C temperature range for the DS1672 and across the 0°C to 
+70°C range for the DS3672. All typicals are given for V^c = 12V and T^ = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1672 and DS3672, a 10 ohm resistor should be placed in series 
with each output. This resistor is internal to the DS1642/DS3642 and need not be added. 
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DS1642/DS3642, DS1672/DS3672 




DS1642/DS3642, DS1672/DS3672 


ac test circuit 


+12V 



Note 1; The pulse generator has the following characteristics: PRR = 1 MHz, 50% Duty Cycle, Zqut ° 
son, t, = tf ^ 10 ns. 

Note 2 : C|. includes probe and jig capacitance. 

Note 3: The high current transient (as high as 14A) through the resistance of the external interconnecting 
ground lead during the output transition from the high state to the low state can appear as negative feedback 
to the input. If the external interconnecting load from the driving circuit to ground is electrically long, or 
has Significant dc resistance, it can subtract from the switching response. 

FIGURE 1 


switching time waveforms node voltage waveforms 



Note 1 : The fall time has an exponential decay yvith the following time constant; tg = Cb Rb- 
The range of values for Rg (resistor tolerance, and temperature coefficient included) can be 
found in the table of electrical cbaracteristics. 


typical applications 


DS3672 Operating with Extra Supply 
to Enhance Output Voltage Level 


v| v| 



DS3672 in Non-Bootstrap Application 
with Single Supply— When Output 
High Level is Non-Critical. 





DS3672 Bootstrap Mode of Application 
with Capacitively Coupled I nput and 
Negative Supply. 



V- (OR GND) 


4-22 



Memory/Clock Drivers 

Advance Information* 


NATIONAL 

DS3643, DS3673 decoded quad MOS clock drivers 
general description 


The DS3643 and DS3673 are quad bipolar-to-MOS 
decoder/clock drivers with TTL/DTL compatible inputs. 
They are designed to provide high output current and 
voltage capabilities necessary for optimum driving of 
high capacitance N-channel MOS memory systems. 

The device features full decoding of input address lines 
from two inputs to one of four outputs. Also featured is 
the capability of expanding to three inputs to one of 
eight outp uts with the use of the Expansion and 
Expansion inputs. Also included are clock and refresh 
inputs. 

The circuit was designed for driving large capacitive 
loads at high speeds and uses Schottky-clamped transis- 
tors. PNP transistors are used on all inputs, thereby 
minimizing input loading. 

The DS3643 has a 10 ohm damping resistor in series 
with each output to dampen transients caused by the 


fast switching output, while the DS3673 has a direct, 
low impedance output, for use with or without an 
external resistor. 


features 

■ TTL/DTL compatible inputs 

■ Operates from standard bipolar and MOS supplies 

■ PNP inputs minimize input loading 

■ Full logic decoding for either two Inputs to one of 
four outputs or three inputs to one of eight outputs 

■ High voltage/current outputs 

■ Input and output clamping diodes 

■ Control logic optimized for use with MOS memory 
systems 

■ Built-in damping resistors (DS3643) 


logic and connection diagrams 




truth table 


Dual-ln-Line Package 



Order Number OS3643J 
or DS3643N 

Order Number DS3673J 
or DS3673N 



Specifications may change. 
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DS3643, DS3673 

























DS3643. DS3673 


absolute maximum ratings (Note 1) operating conditions 

Supply Voltage MIN MAX UNITS 

'^CCI 7V Supply Voltage 

VCC2 13V Vcci 4.75 5.25 V 

VCC3 16V Vcc2 11-4 12.6 V 

Input Voltage -1.0Vto7V VrcS * ** V 

Output Voltage -1.0Vto16V o 

Storage Temperature Range -€5°C to -H50°C Temperature, Ta 0 -h70 C 

Lead Temperature (Soldering, 10 seconds) 300°C *Vcc2 <3V - 5%), *^Vec2 + ^3V + 5%) 

Povyer Dissipation (Pq) 

Ceramic Package 1160 mW 

Molded Package 1000 mW 

* Derate ceramic package at 80°C/W above 70° C; derate molded 
package at 90° C/W above 70° C. 

electrical characteristics 

Ta = 0°C to +70°C, Vcci “ 5.0V ±5%, Vcc 2 = 12V ±5%, Vccs = Vcc 2 (3V ±5%) unless otherwise noted. (Notes 2 and 3) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H Logical "1" Input Voltage 


CM 



V 

V|L . Logical "0" Input Voltage 

[||||||||[||||H 

IBHI 

bhhii 

0.8 

V 

liH Logical "1" Input Current 

V,M = 5.5V 

Refresh, Exp., Exp. 



10 

AtA 

A1, A2, Clock 



40 

ma 

liL Logical "0" Input Current 

V,n=0.4V 

Refresh, Exp. 


-40 

-250 

ma 

A1, A2, Clock, E>m. 


-1.6 

-1.0 

mA 

Vco Input Clamp Voltage 

1, =-12mA 



-1.5 


Vqh Logical "1” Output Voltage 

Iqh =-1 mA, V,L =0.8V 




mnm 

Vql Logical "0” Output Voltage 

loL - 5 mA, V,H = 2.0V 


0.3 


mam 

Vqc Output Clamp Voltage 

loc = 5 mA, V,L = 0.8V 



Vcc2'*'1-5 

V 

Ice Supply Current Outputs High 

• cci 
•cc 2 
•cC3 

Refresh = 5V, 

All Other Inputs = OV 

Vcci = 5.25V 


20 


mA 

Vcc2 = 12,6 V 


-2 


mA 

Vcc3 = 15.75 V 


2 


rnA 

IcLo Supply Currents Outputs Low 
Icci 
•cc 2 
Icc3 

All Inputs = 5V 

Vcci = 5.25V 


30 


mA 

Vcc2 = 12.6 V 


0.1 


mA 

Vcc3 = 15.75V 


15 


mA 

switching characteristics Vcci =5v,Vcc2 = i 2 v,Vcc 3 = i5V (Note 4) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdo . Propagation Delay to a Logical 
"0" from Ai , A 2 , Clock, Exp. 
to Out 1 

Ro = ion 

Cl =400 pF 


20 


ns 

Cl = 100pF 


12 


ns 

VdO Propagation Delay to a Logical 

"0" from Refresh, Exp. to 
Out 1 


Cl = 400 pF 


25 


ns 

Cl = 100 pF 


17 


ns 

tpdi Propagation Delay to a Logical 

"1" from Ai, A 2 , Clock, Exp. 
to Out 1 

Rq — ion 

Cl = 400 pF 


20 


ns 

Cl = 100 pF 


12 


ns 

Vdi Propagation Delay to a Logical 

! “1" from Refresh, Exp. to 
Out 1 

R Q ~ 1 on . 

Cl = 400 pF 


25 


' ns 

Cl = 1.00 pF 


1,7 


ns 

Notel: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS3673. All typicals are given for V^ci 5.0V, 
VcC 2 == 12V, Vcc 3 = 15V, and Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min 'on absolute value basis. 

Note 4: For ac measurements, a 10 ohm resistor must be placed in series with the output of the DS3673. This resistor is internal to the DS3643, 
hovyever, and need not be added. 
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schematic diagram 


Vcci Vcc3 



ac test circuit and 


switching time waveforms 



Note 1; The pulse generator has the following characteristics: 
PRR = 1 MHz, tp < 10 ns, tf < 10 ns, Zqut " 50fl. 

Note 2: C|. includes probe and jig capacitance. 


typical application 


DS3673 








ADDRESS 2 ■ "< 

►— 

— 

Aa 

OUT 2 


CE2 

ADDRESS 3 -—s 

r 

— 

— 

EXPANSION ' 

OUT 3 

— 

CE3 



— 

— 

EXPANSION 

OUT 4 

— 

CE4 

LOGIC "1" — 

-j 






MM5270 OR 







MM5280 




DS3673 



MOS RAM 








ARRAY 





A, 

OUT1 

— 

CEB 



— 

A2 

OUT 2 

— 

CEB 



EXPANSION 



CE7 



UUI i 



EXPANSION 

OUT 4 


CEO 
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DS3643, DS3673 






DS3644, DS3674 



NATIONAL 


DS3644, DS3674 quad MOS clock 
general description 

The DS3644 and DS3674 are quad bipblar-to-MOS 
clock drivers with TTL/DTL compatible inputs. They 
are designed to provide high output current and voltage 
capabilities necessary for optimum driving of high 
capacitance N-channel MOS memory systems. 

The device features two common enable inputs, a 
refresh input, and a clock control input for simplified 
system designs. The circuit was designed for driving 
highly capacitive loads at high speeds and uses Schottky- 
clamped transistors. PNP transistors are used on all 
inputs thereby minimizing input loading. 

The DS3644 contains a 10 ohm resistor in series with 
each output to dampen the transients caused by the 
fast-switching output, while the DS3674 has a direct. 


Memory/Clock Drivers 

Advance Information* 

drivers 

. ’ t 

low impedance output for use with or without an 
external damping resistor.. 

features 

■ TTL/DTL compatible inputs 

■ Operates from standard bipolar and MOS supplies 

■ PNP inputs minimize loading 

■ High voltage/current outputs 

■ input and output clamping diodes 

■ Control logic optimized for use with MOS memory 
systems 

■ Pin and function compatible with MC3460 and 
3235 

■ Built-in damping resistors (DS3644) 


schematic and connection diagrams 



DuaMn-Line Package 

Vcci OUTD SELD EN 1 EN2 SELC OUTC Vcca 



TOP VIEW 

Order Number DS3644J, 

DS3674J, DS3644Nor 

DS3674N *Specifications may change. 
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absolute maximum ratings (NoteD operating conditions 


Supply Voltage 



MIN 

MAX UNITS 

Vcci 

7V 




VcC2 

13V 

Supply Voltage 



VcC3 

16V 

Vcci 

4.75 

5.25 V 

Input Voltage 

-1.0V to +7V 

VCC2 

11.4 

12.6 V 

Output Voltage 

-1.0V to -H6V 

VCC3 

Vcc2 + (3V-5%) 

VCC2 + (3V + 5%) V 

Storage Temperature Range 

-65°Cto +150°C ‘ 

Temperature, T/i^ 

0 

+70 °C 

Lead Temperature (Soldering, 10 seconds) 

300° C 




Power Dissipation (Pp) 





Ceramic Package 

1160 mW 

* Derate ceramic package at 80°C/W above 70° C; derate molded 

Molded Package 

lOOOmW 

package at 90°C/W above 70°C. 



electrical characteristics 

= 0°C to +70®C, Vcci = 5.0V ±5%, Vcc 2 ” ±5%, Vcc 3 = ^CC 2 (3V ±5%) unless otherwise noted. (Notes 2, 3 and 4) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H Logical "1" Input Voltage 


2 



V 

V|L Logical "0" Input Voltage 




0.8 

V 

liH Logical "1" Input Current 

1 

i 


Select Inputs 



10 

liA 

All Other Inputs 



40 

ma 

l,L Logical "0" Input Current 

1 

V,N = 0.4V 

Select Inputs 


-40 


ptA 

All Other Inputs 



-1.0 


VcD Input Clamp Voltage 

1, =-12 mA 



-1.5 

mSm 

Vqh Logical "1" Output Voltage 

loH mA, V,L =0.8V 

Vcc2'-0.5 



V 

VoL Logical "0" Output Voltage 

loL =5mA, V,H =2.0V 



0.5 

V 

Vqc Output Clamp Voltage 

loc =5mA, V,L =0.8V 



Vcc2'^1 .5 

V 

IccH Supply Current Outputs High 
•cci 

All Inputs V|N = OV 
Outputs Open 

Vcci = 5.25V 


18 

27 

mA 

•cc2 

Vcc2 = 12;6V 


-2 

-4 

mA 

•cc3 

Vcc3 = 15.75V 


2 

4 

mA 

'ccL Supply Currents Outputs Low 

*CC1 

All Inputs V|N = 5V 
Outputs Open 

Vcci = 5.25V 


26.8 

40 

mA 

•cc2 

Vcc2 = 12.6V 



3 

mA 

•cc3 

Vcc3 = 15.75V 


15 

25 

mA 


switching characteristics Vcci =5V,Vcc2 = 12V,Vcc3 = 15V,Ta= 25®C unless otherwise noted 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

fpdo Propagation Delay to a 

Logical "0" 

Rq = 1QJ2 

Cl = 400 pF 


20 


ns 

Cl = 100 pF 


12 


ns 

tpdi Propagation Delay to a 

Logical "1" 

Rd = ion 

Cl = 400 pF 


20 


ns 

Cl = 100 pF 


' 12 


ns 


Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; All typicals are given for Vcci “ 5^^' Vcc 2 ~ *I2V, VcC 3 ISV and T/\ - 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: For ac measurements, a 10 ohm resistor must be placed in series with the output of the DS3674. This resistor is internal to the DS3644, 
however, and need not be added. 
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DS3644, DS3674 























































































DS3644, DS3674 


ac test circuit 


+5V +12V +15V 



switching time waveforms 



Note 1 : The pulse generator has the following characteristics: 
PRR = 1 MHz, tp < 10 ns, tf < 10 ns, Zout ,= 50S2. 

Note 2: Cl includes probe and jig capacitance. 


OUTPUT 

0 

0 

>0 

0 

J' ^ 


truth table 


INPUT 


ENABLE 

1 

ENABLE 

2 

SELECT 

INPUT 

CLOCK 

INPUT 

REFRESH 

INPUT 

1 

X 

X 

X 

X 

X 

1 

X 

X 

X 

X 

X 

X 

1 

X 

X 

X 

1 

X 

1 

0 

0 

0 

0 

"'x; 

0 

0 

X 

0 

0 
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Memory/Clock Drivers 

Advance Information* 


NATIONAL 


DS1645/DS3645, DS1675/DS3675 hex TRI-STATE® MOS latch/drivers 
general description 


The DS1645/DS3645 and DS1675/DS3675 are hex 
MOS latch/drivers with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP Input transistors are used to 
reduce input currents, allowing the large fan-out to 
these drivers needed in memory systems. The circuit 
has Schottky-clamped transistor logic for minimum 
propagation delay, and TRI-STATE® outputs which 
allow bus operation. 

The DS1645/DS3645 has a 15 ohm resistor in series 
with the outputs to dampen transients caused by the 
fast switching output circuit. The DS1675/DS3675 
has a direct, low impedance output for use with or 
without an external resistor. 


The circuit employs a fall-through-latch which captures 
the data in parallel with the output, thereby eliminating 
the delay normally encountered in other latch circuits. 
The DS1645/DS3645 and DS1675/DS3675 may be 
used for input address lines or Input/output data lines 
of a MOS memory system. 

features 

■ TTL/DTL compatible inputs 

■ PNP Inputs minimize loading 

■ Capacitance-driving outputs 

■ TRI-STATE outputs 

■ Built-in damping resistor (DS1645/DS3645) 


logic and connection diagrams 


1 _. 

DATAB o-c: 
OATAC 0-~j _ 

OATAD Mz; 
DATAE o-c: 

DATAF hi; 


Dual- In- Line Package 


DATA F Qf data E Qe DATA D Qq 


■ 3]— OQo 

! Zl— OQ e 

■ 2]-— O Qf 



)ATAA DATAB DATA C 

TOP VIEW 

Order Number OS1645J, DS1675J 
DS3645J, DS3675J, DS3645N 
or DS3675N 


truth table 


INPUT 

ENABLE 

OUTPUT 

DISABLE 

DATA 

OUTPUT 

OPERATION 

1 

0 

1 

0 

Data Feed-Through 

1 

0 

0 

1 

Data Feed-Through 

0 

0 

X 

Q 

Latched to Data Present 
when Enable Went Low 

X 

1 

X 

Hi-z 

High Impedance Output 


X = Don't card. 


•Specifications may change. 
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DS1645/DS3645. DS1675/DS3675 





DS1645/DS3645, DS1675/DS3675 


absolute maximum ratings (Motel) 


Supply Voltage, Vqq 

Logical "1" Input Voltage, V||\|(i) 

Logical "0” Input Voltage, V||\|(o) 

Logical "1 '' Output Current, iQSd ) 
Logical "0" Output Current, loS(O) 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 
Power Dissipation (Pq) 

Ceramic Package ' 

Molded Package 


7V 
?V 
-1.5V 
^ -1A 

1A 

-65°Cto 150°C 
300° C 


iieomw 

1000 mW 


* Derate ceramic package at 80°C/W above 70° C; derate molded 
package at 90° C/W above 70° C. 


operating conditions 



MIN 

MAX 

UNITS 

Supply Voltage (Vcc) 

4.5 

. 5.5 

V 

Temperature (T/\) 

DS1645, DS1675 

-55 

+125 

°c 

DS3645, DS3675 

0 

+70 

°c 


electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(1) 

Logical "1" Input Voltage 





V 

VlN(O) 

Logical "0" Input Voltage 




0.8 

V 

•lN(1)' 

Logical "1" Input Current 

V,N = 5.5V 

Enable Inputs 



40 

mA 



Vcc = 5.5 V 

Data Inputs 



80 

ma 


Logical "0" Input Current 

V,N = 0.5V 

Enable Inputs 


-90 

-250 

iuA 



Vcc = 5.5V 

Data Inputs 


-180 

-500 

iuA 

VCLAMP 

Input Clamp Voltage 

Vcc = 4.5V, 

1 ii\j — 18 mA 




-1.2 

V 

Vqh (NL) 

Logical "1" Output Voltage 
(No Load) 

Vcc = 4.5V, 

^OH ~ 0 mA 


H 

4,25 


V 

VoL(NL) 

Logical "0" Output Voltage 
(No Load) ' 

Vcc = 4.5V, 

Iql ~ 0 mA 



0.25 

0.45 

V 

VoH(WL) 

Logical "1" Output Voltage 

Vcc = 4.5V, 

Iqh ~ ~1 .0 mA 

DS1645/DS3645 

2.4 

3.5 


V 


(With Load) 

DS1675/DS3675 

2.5 

3.5 


V 

VoL(WL) 

Logical "0" Output Voltage 

Vcc = 4.5V, 

Iql ~ mA 

DS1645/DS3645 


0.6 

1.1 

V 


(With Load) 

DS1675/DS3675 


0.3 

0.5 

V 

l|D 

Logical "1" Drive Current 

Vcc = 4.5V, 

Vqut = OV (Note 4) 


170 


mA 

•OD 

Logical "0" Drive Current 

Vcc = 4.5V, 

Vqut = 4.5V (Note 4) 


170 


mA 

•CC(MAX) 

Maximum Power Supply 
Current 

Vcc = 5.5V 


60 


mA 

•CC(MIN) 

Minimum Power Supply 
Current 

Vcc = 5^5V 

■ 

40 


mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1645 and DS1675 and 
across the 0°C to +70° C range for the DS3645 and DS3675. All typical values are for T^ = 25°C and Vqc “ 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. ■ . 

Note 4: When measuring output drive current and switching response for the DS1675 and DS3675 a 15 ohm resistor should be placed in series 
with each output. This resistor is internal to the DS1 645/DS3645, and need not be added. 
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switching characteristics (Note 4) Vcc = 5V, = 25°c 


unless otherwise noted. 


PARAMETER 

Propagation Delay to Logical 
"0," Data Input to Output 

Propagation Delay to Logical 
"1,” Data Input to Output 

Set-up Time on Data Input 
before Input Enable goes 
Low 

Hold Time on Data Input 
after Input Enable goes 


CONDITIONS 


Cl = 500 pF 
Cl = 50 pF 
Cl = 250 p~ 
Cl = 500 pF 


MIN TYP MAX UNITS 


Delay from Disable Input to 
Logical "0" Level (from High 
Impedance State) 

Delay from Disable Input to 
Logical "1” Level (from High 
Impedance State) 

Delay from Disable Input to 
High Impedance State (from 
Logical "0" Level) 

Delay from Disable Input to 
High Impedance State (from 
Logical "1" Level) 


Cl = 50 pF. Rl = 2 to Vcc 


Cl = 50 pF, Rl = 2 kfi to Ground 


R L “ 400S^ to V 


R, = 400n to Ground 



DS1645/DS3645, DS1675/DS3675 






DS1645/DS3645, DS1675/DS3675 


ac test circuits and switching time waveforms (con't) 


tpdO tpdl 


*H1 


tIH 


Vcc 





*H0 


tOH 





*lnput Signal Characteristics; 
Freq = 1 MHz 
Duty cycle *■ 50% 

Amplitude = 0.4V to 3.0 V 
tr = tf = 2.5 ns 



typical applications 

The DS3645 and DS3675 latch/driver has TRI-STATE 
outputs, which allows the outputs to be tied with those 
of another TRI-STATE driver, such as the DS3646 and 


DS3676 refresh counter. The DS3645 and DS3675 can 
be disabled while the alternate driver controls the address 
lines into the memory system. 


DATA, 

INPUTS 


REFRESH 

CONTROL 







DS3645/ 


OS3675 

DRIVER 


LATCH 






OUTPUT 

DISABLE 


OUTPUT 

ENABLE 


0S3646/ 
DS3676 I 
REFRESH L 

I counter! 


MOS MEMORY 
SYSTEM 
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Memory/Clock Drivers 

Advance Information* 

NATIONAL 

DS1646/DS3646, DS1676/DS3676 6-bit TRI-STATE® 

MOS refresh counter/driver 

general description 

The DS1646/DS3646 and DS1676/DS3676 are 6-bit 
refresh counters with outputs designed to drive large 
capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed 
to reduce input currents. The circuit has Schottky- 
clamped transistor logic for minimum propagation delay, 
and TRI-STATE® outputs allow it to be used on 
common data buses. 

The DS1646/DS3646 has a 15 ohm resistor in series 
with the outputs to dampen transients caused by the 
fast switching output circuit. The DS1676/DS3676 has 
a direct, low impedance output, for use with or without 
an external resistor. 

The counter uses as its input the RAM clock signal, and 

logic diagram 


0UT1 OUT 2 OUT 3 OUT 4 OUT 5 OUT 6 A B C+D 



CLK OUTPUT A B C 0 

ENABLE 


with each clock input, it advances the count by one, 
thus generating a new refresh address. 

Extra pins in the package are used for a two Input 
NAND gate and a two input NOR gate, both of which 
have capacitive drive outputs. 

features 

■ Circuit counts when clock goes high 

■ TTL/DTL compatible inputs 

■ PNP inputs minimize loading 

■ Capacitance-driver outputs 

■ TRI-STATE outputs 

■ Extra gates on unused pins 

■ Built-in damping resistor (DS1646/DS3646) 



connection diagram 


typical application 


Dual-ln-Line Package 

OUT 



CLK 0UT1 OUT 2 OUT 3 A B ^ GND 

T0i»VIEW 


Order Number DS1646J, DS1676J, DS3646J 
DS3676J or DS3646N, DS3676N 


The DS1646/DS3646 and DS1676/DS3676 have TRI- 
STATE outputs which can be tied to the outputs of 
another TRI-STATE driver. The refresh counter can 
control the address lines into a memory array during 
a short refresh cycle, and then return to the high- 
impedance state to allow the primary driver to control 
the address lines. 



MOS 

MEMORY 

ARRAY 


•Specifications may change. 
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/DS3646, DS1676/DS3676 




DS1646/DS3646, DSie76/DS3676 


absolute maximum ratings (Note i) 

Supply Voltage, Vqc 7V 

Logical “1" Input Voltage, Vt|\j(i) 7V 

Logical ''0" Input Voltage, V||s|(o) -1.5V 

Logical "1" Output Current, loS(1) 

Logical "0" Output Current, loS(O) 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Power Dissipation {Pp) 

Ceramic Package 1160 mW 

Mo Ided Package 1 000 mW 

dc electrical characteristics (Notes 2 and 3) 

operating conditions , 

MIN MAX UNITS 

Supply Voltage (V^c) 4.5 ^.5 . V 

Temperature (T a) 

DS1646, DS1676 -55 -H25 °C 

DS3646, DS3676 0 +70 °C 

* Derate ceramic package at 80°C/W above 70° C; derate molded 
package at 90°C/W above 70°C, 

1 PARAMETER | 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(1) 

Logical "T" Input Voltage 


2.0 



^9 

V|N(0) 

Logical "0" Input Voltage 





■9 

mmm 

Logical "1" Input Current 

Vcc = 5.5V, 

Enable Input 


0.1 

40 

juA 



V,N = 5.5V 

Clock Input 



80 

ma 

Bi 

Logical "0" Input Current 

Vcc = 5.5V 

V,N = 0.5V 


-90 


IJlA 

VcLAMP 

Input Clamp Voltage 

Vcc = 4.5V 

lii\i ~ ~1 8 mA 




V 

VoH(NL) 

Logical "1" Output Voltage (No Load) 

Vcc = 4.5V 

•oh ~ 0 

■a 

4.25 


V 

VoLlNL) 

Logical "0" Output Voltage (No Load) 

Vcc = 4.5 V 

•oL ~ ® mA 


0.25 

0.45 

V 

VoH(WL) 

Logical "1" Output Voltage (With 

Vcc = 4.5V 

Iqh ~ ~1 .0 mA 

DS1646/DS3646 

mm 



V 


Load) 

DS1676/DS3676 

fsm 



V 

VoL(WL) 

Logical "0" Output Voltage (With 

Vcc = 4.5V 

Iqi. ~ 20 mA 

DS1646/DS3646 


BBIMI 

1.1 

V 


Load) 

DS1676/DS3676 


KEI 

0.5 

V 

•id 

Logical "1" Drive Current 

Vcc = 4.5V 

VouT = OV, (Note 4) 

— 

-170 


mA 

•OD 

Logical "0" Drive Current 

Vcc = 4.5V 

VouT = 4.5V 


170 


mA 

•CC(MAX) 

Maximum Power Supply Current 

Vcc = 5.5 V 



60 


mA 

•cC(MIN) 

Minimum Power Supply Current 

Vcc = 5.5V 


40 


mA 

ac electrical characteristics (Vcc = 5V,Ta- 

25°C) (Note 4) 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 



Cl = 50 pF 


7 


ns 

^pd(O) 

Propagation Delay to Logical "0" 

Cl = 250 pF 


15 


ns 



Cl = 500 pF 


25 


ns 



Cl = 50 pF 


7 


ns 

Vd ( 1 ) 

Propagation Delay to Logical "1" 

Cl = 250 pF 


15 


ns 



Cl = 500 pF 


25 


ns 

Settling Time Delay from Clock 
Input to Output 06 

Cl = 50 pF 

. 

: 


■ 

■ 

m 

^HO 

Delay from Enable Input to Logical 
"0" Level (from High Impedance State) 

Cl = 50pF 

Rl ~ 2 kfl( to Vcc 

■ 

H 

■ 


tHI 

Delay from Enable Input to Logical 
"1" Level (from High Impedance State) 

Cl = 50pF 

Rl = 2 kf2 to Gnd 


H 

■ 

gi 

tOH 

Delay from Enable Input to High Imped- 
ance State (from Logical "0" Level) 

Cl = 50 pF 

Rl = 390n to V 

cc 

■ 

H 

■ 

ns 

tiH 

Delay from Enable Input to High Imped- 
ance State (from Logical "1" Level) 

Cl = 50 pF 

Rl - 39012 to Gnd 


H 

■ 

ns 

Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified mln/max limits apply across the -55°C to +125°C temperature range for the DS1646 and DS1676 and 
across the 0°C to +70®C range for the DS3646 and DS3676. All typical values are for Ta ® 25®C and Vcc “ 5V. 

Note 3: All currents Into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1676 and DS3676 a 15 ohm resistor should be placed in series 
with each output. This resistor is internal to the DS1646/DS3646, and need not be added. 
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ac test circuits and switching time waveforms 

^pdO&tpdi I tHi 








*lnput Signal Characteristics: 
Freq 1 MHz 
Duty cycle = 50% 

Amplitude = 0.4V to 3.0V 
tr = tf = 2.5ns 




schematic diagram 



DS3646/DS3676 
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DS1646/DS3646, DS1676/DS3676 






DS1647/DS3647 Series 


Memory/Clock Drivers 

Advance Information* 

NATIONAL 

DS1647/DS3647. DS1677/DS3677. DS16147/DS36147, DS16177/DS36177 
quad TRI-STATE® MOS memory I/O registers 



general description 

The DS1647/DS3647 series are 4-bit I70 buffer registers 
intended for use in MOS memory systems. The circuits 
employ a fall-through latch for data storage. This method 
of latching captures the data in parallel with the output, 
thus eliminating the delays encountered in other designs. 
The circuits use Schottky-clamped transistor logic for 
minimum propagation delay and employ PNP input 
transistors^so that input currents are low, allowing large 
fan-out to these circuits needed in a memory system. 

Two pins per bit are provided, and data transfer is bi- 
directional so that the register can handle both Input and 
output data. The direction of data flow is controlled 
through the input enables. The latch control, when 
taken low, will cause the register to hold the data present 
at that time and display it at the outputs. Data can be 
latched into the register independent of the output 
disables or EXPANSION input. Either or both of the 
outputs may be taken to the high-impedance state with 
the output disables. The EXPANSION pin disables both 
outputs to facilitate multiplexing with other I/O regis- 
ters on the same data lines. 

The “B" port outputs in the DS16147/DS36147 and 
DS16177/DS36177 are open collectors, and in the 


DS1647/DS3647 and DS1677/DS3677 they are TRI- 
STATE. The "B" port outputs are also designed for use 
in bus organized data transmission systems and can sink 
80 mA and source —5.2 mA. The "A" port outputs in 
ail four types are TRI-STATE. 

Data going from port “A" to port "B" is inverted in the 
DS1647/DS3647 and DS16147/DS36147 and is not 
Inverted in the DS1677/DS3677 and DS16177/DS36177. 
Data going from port "B" to port "A" is inverted In 
all four types. 

features 

■ PNP inputs minimize loading 

■ Fall-through latch design 

■ Propagation delay of only 15 ns 

■ TRI-STATE outputs 

■ EXPANSION control 

■ Bi-directional data flow 

■ TTL/DTL compatible 

■ Transmission line driver output 


logic and connection diagrams 


I 1 



^Specifications may change. 
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absolute maximum ratings (Note 1) 


operating conditions 


Supply Voltage 7V 

Input Voltage — 1,5Vto+7V 

Storage Temperature Range —65 C to +150 C 

Lead Temperature (Soldering, 10 seconds) 300 C 

Power Dissipation (Pq) 

Ceramic Package 1160 mW 

Molded Package 1000 mW 


Supply Voltage (Vqq) 
Temperature {Tfi) 


* Derate ceramic package at 80°C/W above 70° C; derate molded 
package at 90° C/W above 70° C. 


electrical characteristics (Notes 2 and 3) 

Over recommended operating temperature range (unless otherwise noted). 


PARAMETER 

Logical "1” Input Voltage 
Logical ”0" Input Voltage 
Logical "I” Input Current 

Logical "0" Input Current 


'^CLAMP Input Clamp Voltage 

Vqh{a) Logical "1” Output Voltage 

A Port 

Vql(a) Logical "0” Output Voltage 

A Port 

VoH(B) Logical "1" Output Voltage 

B Port 

'^OL(B) Logical "0" Output Voltage 

B Port 

lcc(MAX) Power Supply Current 


CONDITIONS 


Latch, Disable Inputs 

Vcc = 5.5V, V,N = 5.5V Data Pins (A, B) 
Enable Inputs 

Latch, Disable Inputs 

Vcc = 5.5V, V|N = 0.5V Data Pins (A, B) 
Enable Inputs 


''cc - ‘t-uv, Iqh 


= -18mA 

, == —1 mA 

DS16XX 


DS36XX 

= 20 mA 

DS16XX 


DS36XX 

1 = —5.2 mA, 

DS16XX 


DS36XX 

= 100 mA 

DS16XX 


DS36XX 


MIN 

TYP 

MAX 

UNITS 

2.0 



V 



0.8 

V 



40 




80 

ma 



200 

juA 



-250 

juA 



-400 

/lA 



-1250 

/nA 



-1.2 

V 

2.5 

3.4 


V 

2.7 

3.4 


V 



0.5 

V 



0.5 

V 

2.4 

3.3 


V 

2.4 

3.3 


V 



0.7 

V 



0.7 

V 



100 

mA 


Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DS1677 and across the 0°C to 
+70°C range for the DS3677. All typicals are given for Vqc 5.0V and Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
Note 4: Not applicable to DS16147/DS36147 or DS16177/DS36177. 
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DS1647/DS3647 Series 




DS1647/DS3647 Series 


switching characteristics (Vcc = s.ov, = 25°o 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdo Propagation Delay to a Logical ^'0" from 

Aj to Bj or Bj to Aj 

Cl = 50 pF 


7 


ns 

tpdi Propagation Delay to a Logical "1" from 

Aj to Bj or Bj to Aj 

Cl = 50 pF 


7 

■ 

ns 

tiH Delay from Disable Input to High 

Impedance State (from Logical "1" Level) 

Cl = 50 pF 

Rl = 390^2 to Gnd 


15 


ns 

toH Delay from Disable Input to High 

Impedance State (from Logical "0" Level) 

Cl = 50 pF 

Rl ~ 390i2 to Vqq 


15 


ns 

tni Delay from Disable Input to Logical "1” 

Level (from High Impedance State) 

Cl = 50 pF 
Rl = 2 kf2 to Gnd 


15 


ns 

tno . Delay from Disable Input to Logical "0" 

Level (from High Impedance State) 

Cl = 50pF 
Rl ~ 2 kS2 to Vqq 


15 


ns 

fsET-uP Setup Time of Data Input Before 

LATCH Goes Low 



0 


ns 

fnoLD Hold Time of Data Input After 

LATCH Goes Low 



D 


ns 


schematic diagram 


EQUIVALENT INPOT EQUIVALENT OUTPUT 
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logic table 


INPUT 

ENABLES 


OUTPUT 

DISABLES 





LATCH 

EXPANSION 

A1-4 

B1-4 

COMMENTS 

A 

B 

A 

B 

1 

0 

1 

0 

0 

0 

Hi-Z 

A 

Data In on A, Output to B 

0 

1 

1 

0 

0 

0 

B 

Hi-Z 

Data In on B, Output to A 

1 

0 

0 

0 

0 

0 

Hi-Z 

Q 

Data Stored Which is Present When 
LATCH Goes Low 

0 

1 

0 

0 

0 

0 

Q 

Hi-Z 

Same as Above 

1 

0 

X 

0 

1 

0 

Hi-Z 

Hi-Z 

Both A and B In Hi-Z State; Data 
Input on A, May Be Latched 

0 

1 

X 

1 

0 

0 

Hi-Z 

Hi-Z 

Both A and B In Hi-Z State; Data 
Input on B, May Be Latched 

X 

X 

X 

X 

X 

1 

Hi-Z 

Hi-Z 

Both A and B In Hi-Z State 


X = Don't Care 

Note: Data may be latched into the register independent of the output disables or expansion. 

ac test circuits and switching time waveforms 



*lnput Signal Characteristics; 
Freq = 1 MHz 
Duty cycle = 50% 

Amplitude = 0.4V to 3.0V 
tf = tf = 2.5 ns 
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DS1647/DS3647 Series 



DS1647/DS3647 Series 


operating waveforms 


typical application 

The diagram below shows how the DS1677 can be used as a register capable of multiplexing data lines. 


DATA LINES 
(MULTIPLEXED) 



DATA LINES 
TO MOS 
MEMORY 
ARRAY 


TO DS1677 INPUT ENABLES 



TO DS1677 LATCH INPUTS 


440 




NATIONAL 


IVIemory/Clock Drivers 

Advance Information* 


DS1648/DS3648, DS1678/DS3678 TRI-STATE® MOS multiplexer/d rivers 


general description 

The DS1648/DS3648 and DS1678/DS3678 are quad 
2-input multiplexers with TRI-STATE outputs designed 
to drive the large capacitive loads (up to 500 pF) 
associated with MOS memory systems. A PNP input 
structure is employed to minimize input currents so that 
driver loading in large memory systems is reduced. The 
circuit employs Schottky-clamped transistors for high 
speed and TRI-STATE outputs for bus operation. 

The DS1648/DS3648 has a 15 ohm resistor in series 
with the outputs which dampens the transients caused 
by the fast-switching output circuit, while the DS1678/ 


DS3678 has a direct, low impedance output for use 
with or without an external resistor. 

features 

■ TRI-STATE outputs interface directly with system 
bus 

■ Schottky-clamped for better ac performance 

■ PNP inputs to minimize input loading 

■ DTL and TTL compatible 

■ High-speed capacitive load drivers 

■ Built-in damping resistor (DS1648/DS3648 only) 


logic and connection diagrams 
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DS1648/DS3648, DS1678/DS3678 




DS1648/DS3648, DS1678/DS3678 


absolute maximum ratings (Note i) 


Supply Voltage 
Logical "1" Input Voltage 
Logical "0" Input Voltage 
Logical "1 " Output Current 
DS1643/DS1678 
DS3648/DS3678 
Logical ”0" Output Current 
DS1648/DS1678 
DS3648/DS3678 
Storage Temperature Range 
DS1648/DS1678 
DS3648/DS3678 

Lead Temperature (Soldering, 10 seconds) 
Power Dissipation (Pp) 

Ceramic Package 
Molded Package 


7V 

7V 

-1.5V 


<0.7A 

<1A 

<0.7A 

<1A 

-65°Cto+175“C 

-65°Cto+150®C 

300°C 

1160 mW 
1000 mW 


operating conditions 



MiN 

MAX 

UNITS 

Supply Voltage (V^c) 

4.5 

5.5 

V 

Temperature (T^) 
DS1648, DS1678 

-55 

-H25 

°c 

DS3648, DS3678 

0 

+70 

°c 


^ Derate ceramic package at 80°C/W above 70° C; derate molded 
package at 90° C/W above 70° C. 


electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(1) 

Logical "1" Input Voltage 


2.0 

1.6 


V 

V|N(0) 

Logical "0" Input Voltage 




0.8 

V 

•|N{1) 

Logical "1" Input Current 

Vcc = 5.5V, V,N = 2.7V 


0.1 

40 

fX/\ 

•lN(0) 

Logical "0" Input Current 

Vcc = 5.5V, V,N = 0.5V . 


-90 

-250 

ma 

VcLAMP 

Input Clamp Voltage 

Vcc =4.5V, l,N =-18mA 



-1.2 

V 

VoH , 

Logical "1" Output Voltage 

Vcc =4.5V, Iqh =0mA 

DS1648/DS1678 

■B 

imisi 


V 


(No Load) 

DS3648/DS3678 


msmi 

_J 

V 

VoL 

Logical "0" Output Voltage 

Vcc = 4.5V. Iql = 0 mA 

DS1648/DS1678 


msES 


V 


(No Load) 

DS3648/DS3678 


0.25 


V 


Logical "1" Output Voltage 


DS1648 


mmi 


■■1 


(With Load) 

Vcc =4.5V. Iqh = -1.0 mA 

DS1678 

2.4 



^^9 



DS3648 

■SB 

3.5 






DS3678 

HQH 



V 

VoL 

Logical "0" Output Voltage 


DS1648 


0.6 

1.1 

V 


(With Load) 

Vcc = 4.5V. Iql = 20 mA 

DS1678 



0.5 

V 



DS3648 


miQQHII 

[[ISQQIH 

V 




DS3678 


immi 

0.5 

V 

ho 

Logical "1" Drive Current 

Vcc = 4.5V. VouT = OV, (Note 4) 

DS1648/DS1678 

mm 

HESi 


mA 



DS3648/DS3678 


BEEI 


mA 

•oD 

Logical "0" Drive Current 

Vcc = 4.5V. Vqut = 4.5V, (Note 4) 

DS1648/DS1678 


HEB 


mA 



DS3648/DS3678 


170 


mA 

•CC(MAX) 

Maximum Power Supply 

Vcc = 5.5 V 

DS1648/DS1678 


36 


mA 


Current 

DS3648/DS3678 


36 


mA 

•CC(MIN) 

Minimum- Power Supply 

Vcc = 5.5V 

DS1648/DS1678 


7.1 


mA 


Current 

DS3648/DS3678 


7.1 


mA 


Note 1: ''Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DS1648 and DS1678 and across 
the 0°C to +70°C range for the DS3648 and DS3678. All typical values are for Ta = 25°C and Vpp = 5V. 

Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1678 and DS3678 a 1512 resistor should be placed In series with 
each output. This resistor is internal to the DS1648/DS3648 and need not be added. 
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switching characteristics (Vcc = 5V, = 25°o (Note 4) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vd(0) 

Propagation Delay to Logical "0" 

Cl = 50 pF 


7 


ns 



Cl = 250 pF 


15 


ns 



Cl = 500 pF 


25 


ns 

Vd(1) 

Propagation Delay to Logical " 1 ” 

Cl = 50 pF 


7 


ns 



Cl = 250 pF 


15 


ns 



Cl = 500 pF 


25 


ns 

^HO 

Delay from Output Control Input to Logical "0” 
Level (from High Impedance State) 

Cl = 50 pF, Rl = 2 kn to V^c 


14 


ns 


Delay from Output Control Input to Logical "I” 
Level (from High Impedance State) 

Cl = 50 pF, Rl = 2 kS7 to Gnd 


14 


ns 

^OH 

Delay from Output Control Input to High Impedance 
State (from Logical "0" Level) 

Cl = 50 pF, Rl = 400^2 to Vcc 


14 


ns 

tiH 

Delay from Output Control Input to High Impedance 
State (from Logical "1" Level) 

Cl = 50 pF, Rl “ 400^2 to Gnd 


14 


ns 

Vd(0) 

Propagation Delay to Logical "0” When Select 
Selects A 

Cl = 50 pF 


14 


ns 

tpdd) 

Propagation Delay to Logical "1" When Select 
Selects A 

Cl = 50 pF 


14 


ns 

Vd(0) 

Propagation Delay to Logical "0" When Select 
Selects B 

Cl = 50 pF 


18 


ns 

tpdd) 

Propagation Delay to Logical "1" When Select 
Selects B 

Cl = 50 pF 


18 


ns 


ac test circuits and switching time waveforms 


<pdO & tpdi 



*lnput Signal Characteristics: 
Freq = 1 MHz 
Duty cycle = S0% 

Amplitude = 0.4V to 3.0V 
tr = tf = 2.5 ns 
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DS1648/DS3648, DS1678/DS3678 



DS1648/DS3648, DS1678/DS3678 


ac test circuits and switching time waveforms (con't) 


*1H toH 



truth table 


OUTPUT 

CONTROL 

INPUTS 


SELECT 

A 

B 

OUTPUTS 

H 

X 

X 

X 

z - 

L 

L 

L 

X 

H 

L 

L 

H 

X 

L 

L 

H 

X 

L 

H 

L 

H 

X 

H 

L 


H = High ievel 
L = Low level 
X = Don't care 
Z = High impedance (OFF) 


typical applications 



CONTROL) 


Refreshing a 4k RAM Array 
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typical applications (con't) 



Refreshing Using TRI-STATE Counter 


r 


MOS RAM 
ARRAY 


8 

MOS 

OUTPUTS 


1a7 


|a8 

B1 

|A5 

'a4 

DS3648 

|a3 

OR 

|A2 

A3 OS3678 Y3 
B3 Y4 

*A1 

|ao 


J 

B4 


4 MOS OUTPUTS 
(INVERTED) 


A/B SELECT 



2:1 Multiplexing of RAM Outputs 
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DS1648/DS3648, DS1678/DS3678 




DS1649/DS3649, DS1679/DS3679 


Memory/Clock Drivers 

Advance Information* 


NATIONAL 

DS1649/DS3649, DS1679/DS3679 hex TRI-STATE® MOS drivers 


general description 

The DS1649/DS3649 and DS1679/DS3679 are Hex 
TRI-STATE MOS drivers with outputs designed to drive 
large capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to 
reduce input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-clamped transistor logic for minimum propaga- 
tion delay, and TRI-STATE outputs for bus operation. 

The DS1649/DS3649 has a 15 ohm resistor in series with 
the outputs to dampen transients caused by the fast- 
switching output!! The DS1679/DS3679 has a direct low 


Impedance output for use with or without an external 
resistor. 

features 

■ High speed capabilities 

• Typ 7 ns driving 50 pF 

• Typ 25 ns driving 500 pF 

■ TRI-STATE outputs for data bussing 

■ Built-in 15 ohm damping resistor (DS1649/DS3649) 

■ Same pin-out as DS8096 and DS74366 


schematic diagram 



15(0S1649/0S3649 0NLY) 
WV—O OUTPUT 


connection diagram 

Dual-In-Line Package 


- J ^ 

• ' " O GNO 

typical application 


/cc DIS2 IN 6 OUT 6. INS OUTS 
|l6 |l5 |l4 |l3 (l2 |l1 



0UT1 IN 2 OUT 2 IN 3 OUT 3 
TOP VIEW 


Order Number DS1649J, DS1679J, DS3649J, 
DS3679J or DS3649N, DS3679N 

truth table 


DISABLE INPUT 

INPUT OUTPUT 

DIS 1 

DIS 2 

0 

0 

0 

1 

0 

0 

1 

0 

0 

1 

X 

Hi-Z 

1 

0 

X 

Hi-Z 

1 

1 

X 

Hi-Z 


t = Don't care 

li-Z = TRI-STATE mode 


ADDRESS OR 1 
COUNT SELECT^ 

"r ADDRESS 
"1" COUNTER 





•Specifications may change. 
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absolute maximum ratings (Notei) operating conditions 

Supply Voltage 7.0V MIN MAX UNITS 

Power Dissipation 600 mW , . . ^ _ 

... Logical 0 Output Current, 

Logical 1 Input Voltage 7.0V (II <1 A 

Logical “O” Input Voltage —1.5V OS(0) 

Logical "1" Output Current ^1.0 A Operating Temperature Range, 

Storage Temperature Range — 65°C to +150°C DM1649 -55 +125 °C 

Lead Temperature (Soldering, 10 seconds) 300°C DM3649 0 +70 °C 

Power Dissipation (Pq) 

Ceramic Package 1160 mW * Derate ceramic package at 80°C/W above 70° C; derate molded 

Molded Package 1000 mW package at 90° C/W above 70° C. 

electrical characteristics (Note 2 and 3) 

Over recommended operating temperature range (unless otherwise noted) (Note 1) 

PARAMETER ^ 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(i) Logical "1” Input Voltage 


2.0 



V 

'^iN( 0 ) Logical "0" Input Voltage 




0.8 

V 

liN(i) Logical "1" Input Current 

Vcc = 5.5V V,N = 5.5V 


0.1 

40 

mA 

l|N( 0 ) Logical "0" Input Current 

Vcc = 5.5V V,N = 0.5V 


-90 

-250 

MA 

— 
''^CLAMP Input Clamp Voltage 

ling — 18 mA 



-1.2 

V 

Vqh Logical "1" Output Voltage 

(No Load) 

Vcc “4.5V loH“0rnA 

DS1649/DS1679 

3.4 

4.25 


V 

DS3649/DS3679 

3.5 

4.25 


V 

Vql Logical “0" Output Voltage 

(No Load) 

Vcc = 4.5V loL = 0mA 

DS1649/DS1679 


0.25 

0.45 

V 

DS3649/DS3679 


0.25 

0.40 

V 

Vqh Logical "1" Output Voltage 

(With Load) 

Vcc = 4.5V loH=-10mA 

DS1649 

2.5 

3.5 


V 

DS1679 

2.4 

3.5 


, V 

DS3649 

2.7 

3.5 


V 

DS3679 

2.6 

3.5 


V 

Vql Logical "0” Output Voltage 

(With Load) 

Vcc = 4.5V loL = 20mA 

DS1649 


0.6 

1.1 

V 

DS1679 


0.3 

0.5 

V 

DS3649 


0.6 

1.0 

V 

DS3679 


0.3 

0.5 

V 

lip Logical "1" Drive Current 

Vcc = 4.5V VouT'OV 

(Note 2) 

DS1649/DS1679 


-170 


mA 

DS3649/DS3679 


-170 


mA 

Iqd Logical "0" Drive Current 

Vcc = 4.5V Vqut=4.5V 

(Note 2) 

DS1649/DS1679 


170 


mA 

DS3649/DS3679 


170 


mA 

•cc(MAX) Maximum Power Supply 
Current 

Vcc = 5.5V 

DS1649/DS1679 


42 


mA 

DS3649/DS3679 


42 


mA 

•cc(MiN) Minimum Power Supply 
Current 

Vcc = 5.5V 

DS1649/DS1679 


11 


mA 

DS3649/DS3679 


11 


mA 

switching characteristics 

(Vcc = 5V, Ta = 25°C) (Note 4) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpd(o) Propagation Delay to Logical "0" 


Cl = 50pF 


7 


ns 

Cl = 250 pF 


15 


ns 

Cl = 500 pF 


25 


ns 

tpd(i) Propagation Delay to Logical "1" 

(Figure 1) 

Cl = 50 pF 


7 


ns 

Cl = 250 pF 


15 


ns 

Cl = 500 pF 


25 


ns 

tHo Delay from Disable Input to Logical “0” 

^ Level (from High Impedance State) 

Cl = 50 pF Rl = 2 kO. to Vcc 

to Gnd (Figure 2) 


14 


ns 

, tni Delay from Disable Input to Logical "1" 

Level (from High Impedance State) 

Cl = 50 pF RL = 2k^2toGnd 

to Gnd (Figure 2) 

■ 

14 

■ 

ns 

toH Delay from Disable Input to High Impedance 

State (from Logical "0" Level) 

Cl = 50 pF R L = 400^2 to Vcc 

to Gnd (Figure 3) 




ns 

tiH Delay from Disable Input to High Impedance 

State (from Logical "1" Level) 

Cl = 50 pF Rl = 400S2 to Gnd 

to Gnd (Figure 3) 


14 


ns 
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DS1649/DS3649, DS1679/DS3679 





















DS1649/DS3649, DS1679/DS3679 


notes 

Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of " Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DS1649 and DS1679 and across 
the 0°C to +70°C range for the DS3649 and DS3679. All typical values are for T/\ = 25°C and Vqq = 5V. 

Note 3: All currents into device pins shown as positive. Out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: When measuring output drive current and switching response for the DS1679 and DS3679 a 15 ohm resistor should be placed in series 
with each output. This resistor is internal to the DS1649/DS3649 and need not be added. 

ac test circuits and switching time waveforms 



tHO 


*0H 



*lnput Signal Characteristics: 
Freq = 1 MHz 
Duty cycle = 50% 

Amplitude = 0.4V to 3.0V 
t, = t, = 2.5 ns 


FIGURE 1 
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NAHONAL 


Memory/Clock Drivers 

Advance Information* 


DS1671/DS3671 bootstrapped two phase MOS clock driver 


general description 

The DS1671/DS3671 is a high speed dual MOS clock 
driver and interface circuit. Unique circuit design pro- 
vides both very high speed operation and the ability 
to drive large capacitive loads. The device accepts 
standard TTL/DTL outputs and converts them to MOS 
logic levels. It may be driven from standard 54/74 
and 54S/74S series gates and flip-flops or from drivers 
such as the DS8830 or DM7440. The circuit can be used 
in both P-channel and N-channel MOS memory system 
drive applications. 

The DS1671/DS3671 is intended to fulfill a wide 
variety of MOS interface requirements. As a MOS clock 
driver for long silicon gate shift registers, a single device 
can drive over 10k bits at 5 MHz. Six devices provide 
input address and precharge drive for an 8k by 16-bit 
1 103 RAM memory system. 


Each driver uses output bootstrapping to provide a 
higher voltage to the output stage, thus eliminating the 
need for an additional Vdd supply. The bootstrapping 
function is accomplished by connecting a small value 
capacitor (typically 200 pF) from each output to each 
drivers bootstrap node. 

features 

■ Fast rise and fall times— 20 ns with 1000 pF load 

■ High output swing— 20V 

■ High output current drive— ±1.5A 

■ TTL/DTL compatible inputs 

■ High rep rate— 5 to 10 MHz depending on power 
dissipation 

■ Low power consumption in MOS "0” state— 2 mW 

■ Swings to 0.4V of GND for RAM address drive 


connection diagrams 


Metal Can Package 


Dual-1 n-Line Package 

0UT1 B2 OUT 2 



Dual-ln-Line Package 


B2 OUT 2 NC IN 2 NC NC 




Order Number DS1671H 
or DS3671H 


Order Number 
DS3671N 


Order Number DS1671J 
or DS3671J 


typical applications 




DS3671 Operating with Extra Supply 
to Inhance Output Voltage Level 


Bootstrap Clock Driver Driven from a TTL Gate 

‘Specifications may chan 
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DS1671/DS3671 



DS1671/DS3671 


absolute maximum ratings (Notei) 

operating conditions 


V+ - V Differential 

22V 


MIN 

MAX 

Vb — V“ Differential 

40V 

Supply Voltage 



Vb — Differential 

20V 

— V~ Differential 


20 

Input Voltage (V||vj - V") 

5.5 V 

Vb — V“ Differential 


40 

Input Current 
Peak Output Current 

100 mA 
1.5A 

Vb — V"^ Differential 
Operating Temperature Range 


20 

Storage Temperature Range 

-65°Cto+150°C 

DS3671 

0 

+70 

Lead Temperature (Soldering, 10 seconds) 
Power Dissipation* (Pp) 

300° C 

DS1671 

-55 

+125 


Ceramic Package 1 160 mW 

Molded Package 890 mW 

Metal Can 525 mW 

electrical characteristics (Notes 2 and 3) 


V 
V. 

V 

°c 

°c 


* Derate ceramic package at 80°C/W above 70° C; derate molded 
package at 90°C/W above 70°C; derate metal can package at 
200° C/W above 70° C. 


PARAMETER | 

1 CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V.H 

Logical "1" Input Voltage 

> 

0 

II 

1 

> 

2.0 

1.5 


V 

I.H 

Logical "1" Input Current 

1 V,n-V" = 2.4V 


10 

15 

mA 

V,L 

Logical "0" Input Voltage 

< 

o 

< 


0.6 

0.4 

V 

•iL 

Logical "0" Input Current 

1 V,N-V"-0V- 


-3 

-10 

ma 

VoH 

Logical "1" Output Voltage 

Vb > + 1 .OV, V|N - V" = 0.4V, 

DS3671 


HBEISi 


V 



Iq = 0 mA 

DS1671 

V^-1.2 

H&E9I 


V 

VoL 

Logical "0" Output Voltage 

V,N -V“ = 2.4V, lo = 0 mA 


V“+0.6 

V~+1.0 

V 

Rs 

Bootstrap Control Resistor 


1.1 

2.0 

3.3 

ka , 

lcc(ON) 

Supply Current One Side 
"ON" 




40 

mA 

•CC(OFF) 

Supply Current "OFF" 




— 1 

10 

TOO 

MA 






50 

500 

mA 


switching characteristics Ta = 25 °c, = 2 ov, v~ = ov 


PARAMETER 

CONDITIONS 

MIN 

1 

MAX 

UNITS 

fpdo Propagation Delay to a 

Logical "0" 

Rd = ion, Cl = 1000 pF 


mm 


ns 

fpd 1 Propagation Delay to a 

Logical "1" 

Rd = ion. Cl = 1000 pF 


12 


ns 

tr Rise Time 


Cl = 500 pF 


25 


ns 

Cl = 1000pF 


31 


ns 

tf Fall Time 

IQQIQ 

Cl = 500 pF 


30 


ns 

Cl = 1000pF 


38 


ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS1671 and across the 
0°C to +70°C range for the DS3671. All typicals at 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 


typical performance characteristics 

Input Current vs 



Turn-On and Turn-Off Time 
vs Temperature 




-1.0 -0.5 0 0.5 1.0 1.5 2.0 2.5 

(V,N - V) - INPUT VOITAGE (V) 


25 50 75 100 125 


TEMPERATURE fO 


0 200 400 600 800 1000 1200 

LOAD CAPACITANCE (pF) 
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typical performance characteristics (con't) 


Rise Time vs Load Capacitance 



Output Pulse Width When 
Controlled Only by Input 
Coupling Capacitor 



0 200 400 600 800 1000 1200 


0 200 400 600 800 1000 1200 


LOAD CAPACITANCE (pF) 


C,N - INPUT CAPACITANCE (pF) 


ac test circuit and switching time waveforms 



0-3V 
t, = t, = 5 ns 
tp^MOOns 
FREQUENCY = 1 MHz 



node voltage waveforms 


typical applications (con't) 



Note 1 : The fall time has an exponential decay with the following time constant: ts = Cg Rg- 
The range of values for Hg (resistor tolerance, and temperature coefficient included) can he 
found in the table of electrical characteristics. 

Note 2; The high current transient (as high as 1 .SA) through the resistance of the external 
interconnecting V lead during the output transition from the high state to the low state can 
appear as negative feedback to the input. If the external interconnecting lead from the driving ' 
circuit to V" is electrically long, or has significant DC resistance, it can subtract from the 
switching response. 



DS3671 Connected as DS0026 
with Equivalent Characteristics 


INPUT | - — I 



Typical Bootstrap 
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DS1671/DS3671 








Memory/Clock Drivers 

Advance Information* 

NATIONAL 

DS16149/DS36149, DS16179/DS36179 hex MOS drivers 
general description 

The DS16149/DS36149 and DS1 61 79/DS361 79 are 
Hex MOS drivers with outputs designed to drive 
large capacitive loads up to 500 pF associated with MOS 
memory systems. PNP input transistors are employed to 
reduce input currents allowing the large fan-out to these 
drivers needed in memory systems. The circuit has 
Schottky-clamped transistor logic for minimum propaga- 
tion delay, and a disable control that places the outputs in 
the logical "1" state (see truth table). This is especially 
useful in MOS RAM applications where a set of address 
lines has to be in the logical “1" state during refresh. 

The DS16149/DS36149 has a 15 ohm resistor in series 
with the outputs to dampen transients caused by the 


fast-switching output. The DS16179/DS36179 has a 
direct low impedance output for use with or without 
an external resistor. 


features 

■ High speed capabilities 

• Typ 7 ns driving 50 pF 

• Typ 25 ns driving 500 pF 

■ Built-in 1 5 ohm damping resistor (DS16149/DS36149) 

■ Same pin-out as DS8096 and DS74366 




connection diagram typical application 

Dual-In-Line Package 



Order Number DS16149J, DS16179J, DS36149J, 
DS3617J, DS36149N or DS36179N 

truth table 




•■O" ADDRESS 
"1" COUNTER 


♦Specifications may change. 
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DS16149/DS36149, DS16T79/DS36179 




DS16149/DS36149; DS16179/DS36179 


absolute maximum ratings (Note d operating conditions 

MIN MAX UNITS 

Supply Voltage 7.0V Logical "O” Output Current, 

Power Dissipation 600 mW <IOS(0)) ^ < T A 

Logical "1 '' Input Voltage 7.0V . ^ 

, . .. .-w Operating Temperature Range, 

Logical ' 0” Input Voltage -1.5V . n 

Logical "1” Output Current . <1.0 A (Tmax) - 0 0- C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Power Dissipation (Pq) 

Ceramic Package 1160 mW , * Derate ceramic package at 80°C/W above 70° C; derate molded 

Molded Package lOOOmW package at 90° C/W above 70° C. 

electrical characteristics (Note 2 and 3) 

Over recommended operating temperature range (unless otherwise noted) (Note 1) 

parameter 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(i) Logical "1" Input Voltage 


2.0 



V 

V|M(o) Logical "0" Input Voltage 




0.8 

V 

li(s,(i) Logical "1" Input Current 

Vcc = 5.5V V,N = 5.5V 


0.1 

40 

ma 

li^j( 0 ) Logical "0" Input Current 

Vcc = 5.5V V,m=0.5V ^ 


-90 

-250 

pA 

VcLAMP Input Clamp Voltage 

1 ii\( — 18 m A 



-1.2 

V 

Vqh Logical "1” Output Voltage 

(No Load) 

Vcc =*4.5V . Iqh = 0 mA 

DS16149/DS16179 

3.4 

4.25 


V 

DS36149/DS36179 

3.5 

4.25 


V 

^OL Logical "0” Output Voltage 

(No Load) 

Vcc = 4.5V lou = 0mA 

DS16149/DS16179 


0.25 

0.45 

V 

DS36149/DS36179 


0.25 

0.40 

V 

Vqh Logical "1” Output Voltage 

(With Load) 

Vcc = 4.5V loH=-1-0mA 

DS16149 

2.5 

3.5 


V 

DS16179 

2.4 

3.5 


V 

DS36149 

2.7 

3.5 


V 

DS36179 

2.6 

3.5 


V 

Vql ■ Logical "0” Output Voltage 

(With Load) 

Vcc = 4.5V loL = 20mA 

DS16149 ' 


0.6 

1.1 

V 

DS16179 


0.3 

0.5 

V 

DS36149 


0.6 

1.0 

V 

DS36179 


0.3 

0.5 

V 

l|Q Logical "1" Drive Current 

Vcc = 4.5V = 

(Note 2) 

DS16149/DS16179 


-170 


mA 

DS36149/DS36179 


-170 


mA 

; 

•oD Logical "0” Drive Current 

Vcc ■= 4.5V Vout = 4.5V 

(Note 2) , 

DS16149/DS16179 


170 


mA 

DS36149/DS36179 


170 


mA 

lcc(MAX) Maximum Power Supply 
Current 

Vcc = 5.5V 

DS16149/DS16179 


42 


mA 

DS36149/DS36179 ' 


42 


mA 

•cc(MiN) Minimum Power Supply 
Current 

Vcc = 5.5V 

DS16149/DS16179 


11 


mA 

DS36149/DS36179 


11 


rhA 

switching characteristics 

(Vcc = 5V, Ta = 25°C) (Note 4) 

parameter 

CONDITIONS 1 

MIN 

TYP 

MAX 

UNITS 

tpd(o) Propagation Delay to Logical “O” 

(Figure 1) 

Cl = 50 pF 


‘1 


ns 

Cl = 250 pF 


15 


ns 

Cl = 500 pF 


7 25 


ns 

tpd(i) Propagation Delay to Logical "1” 

(Figure 1) 

Cl = 50 pF 


7 


ns 

Cl = 250 pF 


15 


ns 

Cl = 500 pF 


25 


ns 

tni Delay from Disable Input to Logical "1” 

Cl = 500pF RL=2kntoGnd 

to Gnd (Figure 2) 


25 


ns. 
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notes 

Notel: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS16149 and DS161 79 and across 
the 0°C to +70° C range for the DS36149 and DS36179. All typical values are for T^ = 25° C and S/qC 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. ' 

Note 4: When measuring output drive current and switching response for the DS16179 and DS36179 a 15 ohm resistor should be placed in series 
with each output. This resistor is internal to the DS16149/DS36149 and need not be added. 


ac test circuits and switching time waveforms 


tpdO and tpcM 


'HI 


Vcc 


Vcc 





*lnput Signal Characteristics: 
Freq = 1 MHz 
Duty cycle = 50% 

Amplitude = 0.4V to 3.0V 
t, = t, =2.5 ns 


FIGURE 1 


FIGURE 2 
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DS16149/DS36149, DS16T79/DS36179 




DS7803/DS8803, DS8813 



NAHONAL 


Memory/Clock Drivers 


DS7803/DS8803, DS8813 two phase oscillator/clock driver 


general description 

The DS7803 is a self contained two phase oscillator/ 
clock driver. It requires no external components to 
generate one of three primary oscillator frequencies 
^nd pulse widths. Other frequencies can easily be 
obtained by programming input voltages. Three sets of 
outputs are provided: damped and undamped MOS 
outputs and TTL monitor outputs. The MOS outputs 
easily drive 500 pF loads with less than 150 ns rise and 
fall times. In addition the outputs have current limiting 
to protect against momentary shorts to the supplies. 

The DS7803 and DSjB803 are available in a 14-lead cavity 
DIP. The DS8803 is also available in a 14-pin molded 


DIP. The DS8813 comes in an 8-pin molded DIP, 
providing damped MOS outputs only. 

features 

■ Two phase non-overlapping outputs 

■ No external timing components required 

■ Frequency adjustable from 100 kHz to 500 kHz 

■ Pulse width adjustable from 260 ns to 1 .4jUs 

■ Damped and undamped MOS outputs 

■ TTL monitor outputs 


block and connection diagrams 


DS7803/DS8803 


WIDTH 

CONTROL 

FREQUENCY 

CONTROL 



Vcc 

TTL«, 

TTL 02 

GNO 

MOS 

DAMPED 0, 
MOS 

DAMPED 02 
MOS0, 
MOS 02 



Order Number OS7803J, DS8803J 
or DS8803N 


DS8813 
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absolute maximum ratings 




Vss - Vdd 

22V 

Operating Temperature Range 


Vcc - Gnd 

7.0 V 

DS7803 

-55° C to -M25°C 

Pulse Width Adjust Voltage 

Vss 

DS8803, DS8813 

0°C to +70° C 

Frequency Adjust Voltage 

Vss 

Storage Temperature Range 

-65°Cto+150°C 

Vss ~ Vpp, Minimum 

14V 

Lead Temperature (Soldering, 10 seconds) 

300° C 

Test and Inhibit Input Voltages 

Vss 



electrical characteristics (Notes i, 3) 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

F Frequency 

Ta = 25°C 

Pin 12 at 17V 

300 

500 

600 

kHz 

Pin 12 Open 

175 

300 

350 

kHz 

Pin 12 atOV 

60 

100 

150 

kHz 

AF Frequency Change from 25°C 

DS7803 

Pin 12 at 17V 

DS7803 


±20 

±30 

% 

DS8803 


±10 

±15 

% 

PW Pulse Width 

Cl = 15pF, Ta = 25° C, 
(Note 2) 

Pin 2 at 17V 

0.2 

0.26 

0.4 

Ids 

Pin 2 Open 

0.5 

0.75 

1.3 

Ids 

Pin 2 at OV 

1.0 

1.4 

2.6 

Ids 

APW Pulse Width Change from 25°C 

1 

Pin 2 at 17V 

DS7803 


±20 

±30 

% 

DS8803 


±10 

±15 

% 

Vqh Logical ”1” Output Voltage 

loH=-100iuA MOS 

Vss-1-1 

< 

bo 


V 

Ioh=-200mA TTL 

2.4 . 

3.7 


V 

Vql Logical "0" Output Voltage 

MOS Outputs 

1 Iql “ 2.0 mA 1 


Vdd+0.15 

Vdd+0.5 

V 

TTL Outputs 

Iql = 2.0 mA 

DS7803 


0.17 

0.3 

V 

Iql “ 3.2 mA 

DS8803 


0.2 

0.4 

V 

Iqs Output Short Circuit Current 

TTL Outputs 

3.0 

8.0 

15 

mA 

Iqs Output Current Limit 

MOS Outputs 


±70 


mA 

Iss Supply Current 

Pins 2, 1 2, 1 3 at OV, and Pin 1 at -0.3V 


10 

17 

mA 

Iqq Supply Current 

Pins 2 and 12 at OV, and Pin 1 at -0.3V 


0.75 

1.1 

mA 

Rq Damping Resistor 


DS7803 

7.0 

10 

13' 

n 

DS8803 

5.0 

10 

15 

a 

tr,tf Rise and Fall Times 

Ta = 25°C, MOS 

Cl = 500 pF 


100 

150 

ns 

Cl =50pF 


20 

30 

ns 


Note 1: These specifications apply for the DS7803 at Vss ~ Vqq = 17V ±10% and over -55°C to +125°C; for the DS8803, DS8813 at Vss ~ 
^DD “ O''®'' 0°C to +70°C unless otherwise specified. 

Note 2: The duty cycle can not physically exceed 50% at any output. At high frequencies the frequency adjust pin will affect the pulse width by 
limiting the duty cycle to slightly less than 50%. Under this condition the pulse width spec does not apply. 

Note 3: The above specs apply to the DS8813 only where applicable, and approriate pin numbers should be substituted. 


typical performance characteristics 


Frequency Control Voltage 



1.0 3.0 5.0 7.0 9.0 11 13 15 17 
FREQUENCY CONTROL VOLTAGE MINUS Vdd (V) 


Pulse Width Control Voltage 



1.0 3.0 5.0 7.0 9.0 11 13 15 17 
PULSE WIDTH CONTROL VOLTAGE MINUS Vqd <V) 


Frequency and Pulse Width 
vs Temperature 



-75 -50 -25 0 25 50 75 100 125 


AMBIENT TEMPERATURE (°C) 
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DS7803/DS8803. DS8813 



DS7803/DS8803, DS8813 


typical performance characteristics (con't) 


Frequency and Pulse 
Width 



12 13 14 15 16 17 20 21 22 

Vss-Vdo 


Total Transient Power 
vs Frequency 



0 100 200 300 400 500 600 

FREQUENCY (kHz) 




0 10 20 30 40 50 0 10 20 30 40 50 

DUTY CYCLE {%) DUTY CVCLE (%) 


applications information 


TTL MONITOR OUTPUTS 

The TTL outputs are extra functions provided for 
monitor or synchronization applications. In some sys- 
tems these outputs may not be required. For these 
cases, the Vcc Pin niay be left open and the TTL 
circuitry power consumption will be virtually zero. 
For small space requirements, the DS8813 8-pin DIP 
is available, which has the TTL outputs deleted. 

The TTL outputs are slaved to the MOS outputs. Thus 
the TTL outputs start to switch when the MOS outputs 
cross the TTL threshold voltage (about 1.5V aboye 
ground). Figure 1 depicts the effect of different supply 
voltages on the TTL waveform when the MOS outputs 
are driving capacitive loads. 

DAMPED MOS OUTPUTS 

An extra set of MOS outputs provides a 10 ohm resistor in 
series with each output line. These resistors give the out- 
put pulses an RC rolloff which tends to minilnize ringing 
or peaking problems associated with board layout. 

INHIBIT AND TEST INPUTS 

The INHIBIT and TEST inputs are designed to facilitate 
testing of the device. They were not included in the 1C 
for system use. The truth table of Figure 2 supplements 




Output waveforms Output waveforms 

with +17V, OV, +SV supplies with +SV, -12V, +5V supplies 


(A) (B) 

FIGURE 1. 

the following functional description: 

INHIBIT Input: in the low state prevents pulses from 
being Initiated on either phase output. 

High Level Input; 

V|h^Vqp+2.0V 

Low level Input: 

Vdd +0-2V>V,l>Vdd-0.5V 
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applications information (cont.) 


INHIBIT 

INPUT 

TEST 

INPUT 

OUTPUT 

Open 

Open 

Normal Operation 

Low 

Open 

High 

Low 

Low 

Low 


FIGURE 2. Truth Table 


TEST Input: in the low state forces a "1" state on all 
outputs. The test input should only be used with the 
INHIBIT input also in the low state. 

High Level: 

^IH ^ ^DD 8.0V 

Low Level: 

Vdd +0.5V>V,l>Vdd 

A pull-up resistor is connected from the TEST pin to 
Vss internally. 

POWER CONSIDERATIONS 

Internal power dissipation is affected by three factors: 

1 . dc power 

2. ac power 

3. package dissipation capability 

The total average power dissipation is the summation 
of the dc power and ac power. This sum must be less 
than the maximum package dissipation capability at the 


ac test circuit 


17V 5V 



particular operating temperature to insure safe opera- 
tion, i.e.: 

P Diss " Pag Pdc ^ Pmax 
W here: 

Pag “ Pag ttl + Pag mos 

Pag ~ f(^GG ~ Gnd)^ x f x C|_] 1 ■y{_ 

+ [(Vss “ Vdd)^ X f X Cl] |\/|os 

And 

Pqg “ ((gg] X (Vcc ” Gnd) + (Iss) ^ (Vss ~ 

for Ipc and Iss at the appropriate duty cycle. 

For practical cases the yxl can be neglected as 
being very small compared to P^c mos* 

Thus Ppiss is the sum of the MOS transient power 
(total for both sides of the DS7803) and the standby 
power of the TTL and MOS sections of the DS7803. 


DECOUPLING 

It is recommended that each device be decoupled with 
a O.ljuF capacitor from Vss to Vpp. If there is noise 
on the supply lines, better frequency and pulse width 
stability can be obtained by connecting a O.OOIjLiF 
capacitor from the frequency control pin to Vpp and 
another O.OOIjuF capacitor from the pulse width control 


timing diagram 



DS7803/DS8803. DS8813 




DS7807/DS8807, DS8817 


Memory/Clock Drivers 


NATIONAL 


DS7807/DS8807, DS8817 two phase oscillator/ciock driver 
general description 


The DS7807 is a self contained two phase oscillator/ 
clock driver. It requires no external components to 
generate one of three primary oscillator frequencies and 
pulse widths. Other frequencies can easily be obtained 
by programming input voltages. Three sets of outputs 
are provided: damped and un-damped MOS outputs and 
TTL monitor outputs. The MOS outputs easily drive 
500 pF loads with less than 75 ns rise and fall times. 
In addition the outputs have current limiting to protect, 
against momentary shorts to the supplies. 

The DS7807 and DS8807 are available in a 14-|ead 
cavity DIP. The DS8807 is also available in a 14-pln 
molded DIP. 


The DS8817 comes in an 8-pin molded DIP, providing 
damped MOS outputs only. 


features 

■ Two phase non-overlapping outputs 

■ No external timing components required 

■ Frequency adjustable from 400 kHz to 2 MHz 

■ Pulse width adjustable from 130 ns to 700 ns 

■ Damped and un-damped MOS outputs 

■ TTL monitor outputs 


block and connection diagrams 


DS7807/DS8807 



Vss Vdd TESt INHIBIT 

DS8817 



Dual-1 n-Lihe Package 


WIDTH _2 
CONTROL 
MOS 3 
DAMPED ^.1 


MOS 5 
DAMPED 02 



12 FREQ 

“control 


Order Number DS7807J, 
DS8807J or DS8807N 


Dual-In-Line Package 



5 FREQ 

CONTROL 


Order Number DS8817N 
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absolute maximum ratings 


Vcc-GND 

Pulse Width Adjust Voltage 
Frequency Adjust Voltage 
Vgs— VpQ, Minimum 
Test and Inhibit Input Voltages 
Operating Temperature Range 
DS7807 

DS8807, DS8817 
Storage Temperature Range 
Lead Temperature (Soldering, 10 seconds) 


-55°Cto +125°C 
0°C to +70°C 
-65°Cto+150°C 
300°C 


PARAMETER 

F Frequency 

AF Frequency Change from 25°C 
PW Pulse Width 

APW Pulse Width Change from 25°C 

Vqh Logical “1" Output Voltage 

Vql Logical “0" Output Voltage 


Pin 12 at 17V 


Ta = 25°C, 
(Note 2) 

Pin 2 at 17V 


MOS, Iqh =-1Q0mA 
TTL, Iqh =-200juA 

MOS, Ini = 2.0 mA 


ITIONS 

MIN 

TYP 

MAX 

UNITS 

Pin 12 at 17V 


2.0 


MHz 

Pin 12 Open 


1.2 


MHz 

Pin 12 atOV 


400 


kHz 

DS7807 


±20 


% 

DS8807 


±10 


% 

Pin 2 at 17V 


0.13 


MS 

Pin 2 Open 


0.38 


MS 

Pin 2 at OV 


0.70 


MS 

DS7807 


±20 


% 

DS8807 


±10 


% 


yss-i-i 

2.4 


Vss 

3.7 

VpD+0.15 


Vpp+0.5 




TTL 

Iql~ 2.0 mA, 
DS7807 


0.17 

0.3 

V 




Iqi_~ 3.2 mA, 
DS8807 


0.2 

0.4 

V 

Iqs 

Output Short Circuit Current 

TTL 

3.0 

8.0 

15 

mA 

•os 

MOS Output Current Limit 



±140 


mA 


Iss Supply Current 

Ice Supply Current 

Rp Damping Resistor 

tr, tf Rise Time and Fall Time 


Pins 2, 12, 13 at OV, and 
Pin 1. at -0.3V 


13 


Pins 2, 12 at OV, and 
Pin 1 at -0.3V 


0.75 

1.1 


DS7807 

7.0 

10 

13 


DS8707 

5.0 

10 

15 

Ta = 25°C, 

Cl = 500 pF 


50 


MOS 

Cl =50pF 


10 



Note 1: These specifications apply for the DS7807 at Vss ” ^DD “ ±10% and over -55°C to +125°C; for the DS8807, DS8817 at 

Vss ” Vqq = 17V ±5% and over 0°C to +70°C unless otherwise specified. 

Note 2: The duty cycle can not physically exceed 50% at any output. At high frequencies the frequency adjust pin will affect the pulse width by 
limitirig the duty cycle to approximately 40%. Under this condition the pulse width spec does not apply. 

Note 3: The above specs apply to the DS8817 only where applicable, and appropriate pin numbers should be substituted. 
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DS7807/DS8807. DS8817 





DS78G7/DS8807, DS8817 


ac test circuit 



C|_ represents probe loading only 


timing diagram 



applications information 


TTL MONITOR OUTPUTS 


DAMPED MOS OUTPUTS 


The TTL outputs are extra functions provided for 
monitor or synchronization applications. In some systems 
these outputs may not be required. For these cases the 
Vcc pin niay be left open and the TTL circuitry power 
consumption will be virtually zero. For small space 
requirements, the DS8817 8-pin DIP is available which 
hgs the TTL outputs deleted. 

The TTL outputs are slaved to the MOS outputs. Thus 
the TTL outputs start to switch when the MOS outputs 
cross the TTL threshold voltage (about 1.5V above 
ground). Figure 1 depicts the effect of different supply 
voltages on the TTL waveform when the MOS outputs 
are driving capacitive loads. 





Output waveforms 
with +17 V, OV, +5V supplies 


Output waveforms 
with +5V, -12V, +5V supplies 


An extra set of MOS outputs provides a 10 ohm resistor 
in series with each output line. These resistors give the 
output pulses an RC rolloff which tends to= minimize 
ringing or peaking problems associated with board layout. 

INHIBIT AND TEST INPUTS 

The INHIBIT and TEST inputs are designed to facilitate 
testing of the device. They were not included in the 1C 
for system use. 


INHIBIT 

INPUT 

TEST 

INPUT 

OUTPUT 

Open 

Open 

Normal Operation 

Low 

Open 

High 

Low 

Low 

Low 


FIGURE 2. Truth Table 

The truth table of Figure 2 supplements the following 
functional description: 

INHIBIT Input: in the lovy state prevents pulses from 
being initiated on either phase output. 

High Level Input: 

V,H > Vdd + 2.0V 

Low Level Input: 

. Vdd + 0.2V > V,l > Vdd - 0.5V 
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applications information (con't) 

TEST Input; in the low state forces a ONE state on all 
outputs. The test input should only be used with the 
INHIBIT input also in the low state. 

High Level: 

V,H > Vdd + 8.0V 

Low Level; 

Vdd + 0.5V >V,L> Vdd 

A pull-up resistor is connected from the TEST pin to 
Vss internally. 


POWER CONSIDERATIONS 

Internal power dissipation is affected by three factors: 

1 . dc power 

2. ac power 

3. Package dissipation capability 

The total average power dissipation is the summation of 
the dc power and ac power. This sum must be less than 
the maximum package dissipation capability at the 
particular operating temperature to insure safe operation, 
i.e.: 

Pqiss ~ Pac Pdc ^ Pmax 


typical performance characteristics 


Where 

Pac Pac ttl Pag mos 

Pac= HVcc-C3NDpxfxCu] ttL 

+ [(Vss ~ Vdd)^ X -f X Cl) |^Qg 

And 

Pdc = (Icc)x(Vcc-GND) + (Iss) 

X (Vss ~ Vdd ) 

for Iqc arid Iss selected at the apporpriate duty cycle. 

For practical cases the Pacttl can be neglected as 
being very small compared to P^c mos- 

Thus Pd ISS ‘S the sum of the MOS transient power 
(total for both sides of the DS7807) and the standby 
power of the TTL and MOS sections of the DS7807. 

DECOUPLING 

It is recommended that each device be decoupled with a 
O.ljuF capacitor from Vss Vdd- there is noise on 
the supply lines, better frequency and pulse width 
stability can be obtained by connecting a O.OOIjuF 
capacitor from the frequency control pin to Vdd srid 
another O.OOIjuF capacitor from the pulse width control 
pin to Vdd- 
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DS7807/DS8807, DS8817 



DS75324 


Memory/Clock Drivers 

DS75324 memory driver with decode inputs 
general description 

The DS75324 is a monolithic memory driver 
which features two 400 mA {source/sink} switch 
pairs along with decoding capability from four 
address lines. Inputs B and C furrction as mode 
selection lines (source or sink) while lines A and 
D are used for switch-pair selection (output pair 
Y/Z or W/X). 


features 

■ High voltage outputs 

■ Dual sink/source outputs 

■ Internal decoding and timing circuitry 
■, 400 mA output capability 

■ DTL/TTL compatible 

■ Input clamping diodes 



NAHONAL 


schematic and connection diagrams 



Oual-ln-Line Package 


Dual-In-Line Package 



OUTPUT OUTPUT SOURCE OUTPUT OUTPUT 



TOP VIEW 


Order Number DS75324J 


Order Number DS75324N 


4-64 




absolute maximum ratings (Notei) 

17V 
5.5V 
0°C to +70°C 
800 mW 
'-65°C to+150°C 
300° C 


dc electrical characteristics (Vcc = 14 V,Tc =0°c to +70°C unless otherwise noted) (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|N(1) 

Input Voltage Required to Insure 
Logical "1" At Any Input 

(Figure 1) 

3.5 



V 

VlN(O) 

Input Voltage Required to Insure 
Logical "0" At Any Input 

(Figure 1) 



0.8 

V 

l|N(1) 

Logical "1" Level Input Current 

< 

z 

< 

Address Input 



200 

ma 



1 (Figure 1) 

Timing Input 



100 

ma 

'lN(O) 

Logical "0" Level Input Current 

< 

o 

Address Input 



-6 

mA 



(Figure 1) 

Timing Input 



-12 

mA 

'^SAT 

Saturation Voltage 

(Figure 2) 

Sink, IsiNK — 420 mA, R|_ — 


0.75 

0.85 

V 



Source, Isource ——420 mA, Rl =47.5^2 


0.75 

0.85 

V 

•off 

Output Reverse Current ("OFF” State) 

V|M = OV, (Figure 1) 


125 

200 

ma 

'cc 

Supply Current 

All Sources and Sinks OFF, V|n = OV. (Figure 3) 


12.5 

15 

mA 



( Figure 4) 

Either Sink Selected 


30 

40 

mA 



Either Source Selected 


25 

35 

mA 

V| 

Input Clamp Voltage 

1 l,N =-12 mA.T^ =25°C | 



-1.5 

V 


ac switching characteristics (Vcc = 14 v,Tc =25°c) 


PARAMETER 

1 CONDITIONS 

. MIN 

TYP 

MAX 

UNITS 

tpdi Propagation Delay Time to 

Logical "1" Level 

Cl =20pF 

Sink Output, Rl = 5312, 
(Figure 6) 



110 

ns 

Source Output, Rli = 5312, 
Rl 2 = 50012, (Figure 5) 



90 

ns 

tpdo Propagation Delay Time to 

Logical "0" Level 

Cl = 20 pF 

Sink Output, Rl = 5312, 
(Figure 6) 



40 

ns 

Source Output, Rli = 5312, 
Rl 2 = 50012, (Figure 5) 



50 

ns 

tg Sink Storage Time 




70 

ns 


Note 1 : "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range for the DS75324. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Voltage values are with respect to network ground terminal. 

Note 5: Input signals must be zero or positive with respect to network ground terminal. 


Supply Voltage Vcc (Note 4) 

Input Voltage (Note 5) 

Operating Case Temperature Range 

Power Dissipation 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 
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DS75324 




DS75324 












4-67 


DS75324 





FIGURE 5. Source-Output Switching Times 




DS75324 




DS55325/DS75325 


Memory/Clock Drivers 


DS55325/DS75325 memory drivers 
general description 

The DS55325 and DS75325 are monolithic mem- 
ory drivers which feature high current outputs as 
well as internal decoding of logic inputs. These cir- 
cuits are designed for use with magnetic memories. 

The circuit contains two 600 mA sink-switch 
pairs and two 600 mA source-switch pairs. Inputs 
A and B determine source selection while the 
source strobe (S-j ) allows the selected source turn 
on. In the same manner, inputs C and D determine 
sink selection while the sink strobe (S 2 ) allows the 
selected sink turn on. 

J 


operate at higher sourpe currents for a given 
junction temperature. If this method of source 
current setting is not desired, then Nodes R and 
R|(nj,j can be shorted externally activating an 
internal resistor connected from Vcc 2 to Node R. 
This provides adequate base drive for source 
currents up. to 375 mA with Vcc 2 “ or 
600 mA with Vcc 2 ~ 24V. 

The DS55325 operates over the fully military 
temperature range of ~55°C to +125°C, while the 
DS5325 operates from 0°C to +70°C. 



NATIONAL 


Sink-output collectors feature an internal pull-up 
resistor in parallel with a clamping diode connected 
to Vcc 2 - This protects the outputs from voltage 
surges associated with switching inductive loads. 

The source stage features Node R which allows 
extreme flexibility in source current selection by 
controlling the amount of base drive to. each source 
transistor. This method of setting the base drive 
brings the power associated with the resistor out- 
side the package thereby allowing the circuit to 


features 

■ 600 mA output capability 

■ 24V output capability 

■ Dual sink and dual source outputs 

■ Fast switching times 

■ Source base drive externally adjustable 

■ Input clamping diodes 

■ DTL/TTL compatible 


schematic and connection diagrams 


Dual-In-Line Package 




TOP VIEW 

Order Number DS55325J, DS75325J 
DS75325N or DS55325W 


truth table 



NOTE: Not more than one output is to be on at any one time. 
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absolute maximum ratings (Note i) 

operating conditions 




MIN 

MAX 

UNITS 

Supply Voltage Vqci (Note 5) 7V 

Supply Voltage Vcc2 (Note 5) 25V 

Input Voltage (Any Address or Strobe Input) 5.5V 

Temperature (T/^) 

DS55325 -55 

DS75325 0 

+125 

+70 

°C 

°c 


Power Dissipation 600 mW 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300° C 


dc electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H High Level Input Voltage 

(Figures 1 and 2) 

2 



V 

V|i_ Low Level Input Voltage 

(Figures 3 and 4) 



0.8 

V 

V| Input Clamp Voltage 

Vcci = 4.5V, Vcc 2 = 24V, 1,^ = -12 mA, 
Ta = 25°C, (Figures) 


-1.3 

-1 .7 

V 

Iqff Source Collectors Terminal 

"OFF” State Current 

Vcci = 4.5V, Vcc2 = 2.4V, 
(Figure 1) 

Full Range 

DS55325 



500 

mA 

DS75325 



200 

juA 

Ta = 25°C 

DS55325 


3 

150 

iuA 

DS75325 


3 

200 

/iA 

Vqh High Level Sink Output Voltage 

Vcci = 4.5V, Vcc 2 = 24V, Iqut = OV, (Figure 2) 

19 


i 

V 

Vsat Saturation Voltage Source 

Outputs 

Vcci = 4.5V, Vcc2 = 15V, 
Rl =24fi, 

'source ^ ~600 mA, 
(Figure 3), (Notes 4 and 6) 

Full Range 


mi 


V 

Ta = 25°C 

DS55325 


BBI 

0.7 

V 

DS75325 



0.75 

V 

Vsat Saturation Voltage Sink Outputs 

Vcci =4.5V, Vcc 2 = 15V, 

Rl = 24^2, 

•sink ^ 600 mA, (Figure 4), 
(Notes 4 and 6) 

Full Range 



0.9 

V 

Ta = 25°C 

DS55325 



0.7 

V 

DS75325 





1 1 Input Current at Maximum 

Input Voltage 

Vcci = 5.5V, Vcc2 = 24V, 
(Figures) 

Address Inputs 



1 


Strobe Inputs 



2 

mA 

liH High Level Input Current 

Vcci = 5.5V, Vcc2 = 24V, 
V, = 2.4V, (Figure S) 

Address Inputs 


3 

40 

AtA 

Strobe Inputs 


6 

80 

pA 

liL Low Level Input Current 

Vcci = 5.5V, Vcc2 = 24V, 
V, =0.4V, (Figures) 

Address Inputs 


-1 

-1.6 

mA 

Strobe Inputs 


-2 

-3.2 

mA 

'cc OFF Supply Current, All Sources and 

Sinks "OFF" 

Vcci = 5.5V, Vcc2 = 24V, 
Ta=25°C, (Figures) 

Vcci 


14 

22 

mA 

VcC2 


7.5 

20 

mA 

Icci Supply Current From V^ci , 

Either Sink "ON" 

Vcci ~ 5.5V, Vcc 2 ~ 24V, Isink ~ 50 mA, 
Ta = 25°C, (Figure 7) 


55 

70 

mA 

Icc 2 Supply Current From Vcc 2 < 

Either Source "ON" 

Vcci ~ 5.5V, Vcc 2 ~ 24V, Isource ~ ~50 mA, 
Ta = 25°C, (Figure 8) 


32 

50 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS55325 and across the 0°C to 
+70° C range for the DS75325. All typical values are at T/\ = 25° C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

Note 5;Voltage values are with respect to network ground terminal. 

Note 6: These parameters must be measured using pulse techniques, tw = 200jus, duty cycle < 2%. 
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DS55325/DS75325 


ac switching characteristics (Vc 


PARAMETER | 

tpLH 

Propagation Delay Time, Low-to-High 
Level Output 

tpHL 

Propagation Delay Time, High-to-Low 
Level Output 

tjLH 

Transition Time, Low-to-High 
Level Output 

^THL 

Transition Time, High-to-Low 
Level Output 

Is 

Storage Time, Sink Outputs 


Vcc2 = 15V, Rl = 24f2 
C|_ = 25 pF, (Figure 9) 

Vcc2 = 15V, Rl 
Cl = 25 pF, (Figure 9) 


CONDITIONS 


r2. Source Collectors 

'} Sink Outputs 

\l, Source Collectors 

') Sink Outputs 


Source Outputs, Mcc 2 ~ 20V, 
Rl = 1 (Figure 10} 

Cl ' = 25 pF 

Sink Outputs, Vcc 2 = 15V, 

2m. (Figure 9) 

Source Outputs, Vcc 2 ~ 20V, 
C - 25 F , Rl = 1 k^2, (Figure 10) 

Sink Outputs, Vcc 2 = 15V, 

Rl =2412, (Figure 9) 

Vcc 2 = 15V, Rl = 24n. Cl = 25 pF, (Figure 9) 
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Note 1 : Figures 3 and 4 parameters must be measured using pulse techniques, tw = 200/js, duty cycle <; 2%. 


iwmwmmmmam 


FIGURE 3. V|L and Source Vg/\j 



APPLY Vt » 5.5V 
MEASURE i| 
APPLY V, = 2.4V 
MEASURE l|H 


GROUND APPLY 5.5V 


B, C, S2, D 
C, S2, D 
A, C, S2, D 
A, SI, B, D 
A, SI, B 
A, SI, B, C 


APPLY V, = 0.4V, 
MEASURE iiL 
APPLY I, = -10 mA, 
MEASURE V, 


SI, B, C, S2, D 
A, B, C, S2, D 


A,S1, B, S2, D 


A. SI. B, C, S2 


FIGURES. V|, l|, liH.and l|L 
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tPLH and tpHL 


tPLH- tPHL. 
tJLH- tJHL. 
and tj 


OUTPUT UNDER TEST 

INPUT 

Source collectors 

A and SI 

B and Si 

Sink output Y 

C and S2 

Sink output Z 

D and S2 


BMiliil 


PARAMETER 

OUTPUT UNDER TEST 

INPUT 

CONNECT TO 5V 

tTLH and tTHL 

Source output W 

A and SI 

B. C, D. and S2 

Source output X 


A, C, D, and S2 


FIGURE 10. Transition Times of Source Outputs 
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DS55325/DS75325 


applications 


External Resistor Calculation 


Atypical magnetic-memory word drive requirement 
is shown in Figure 11. A source-output transistor 
of one DS75325 delivers load current {l|_). The 
sink-output transistor of another DS75325 sinks 
this current. 


After solving for Rext' 1^*^® magnitude of the source 
collector current (Iqs) 's determined from Equa- 
tion 3. 


The value of the external pull-up resistor (Rext) 
for a particular memory application may be de- 
termined using the following equation: 


where: Ics 'S in mA. 

As an example, let Vcc 2 (min) = 20V and Vl = 3V 
while l|_ of 500 mA flows. Using Equation 1 : 


16 (20-3-2.2) 

Rext = = 0.5 ka 

500- 1.6 (20-3-2.9) 


and from Equation 2: 


Vcc 2 (min) 's the lowest expected value of 
Vcc 2 volts, Vs is the source output volt- 
age in volts with respect to ground, li_ is in 
mA. 

The power dissipated in resistor Rgxt during the 
load current pulse duration is calculated using 
Equation 2. 


[20-3-2] %470 mW 


The amount of the memory system current source 
(Ics) from Equation 3 is: 

Ics ^ 0.94 (500) ^ 470 mA 


Ppext CVcc2(min) ^3 2] (2) 

16 

where: pRext 'S in mW. 


In this example the regulated source-output tran- 
sistor base current through the external pull-up 
resistor (Rext) and the source gate is approximately 
30 mA. This current and Ics comprise II- 



Note 1 : For clarity, partial lo^ic diagrams of two DS55325's are shown. 
1\iote 2; Source and sink shown ^re in different packages. 


FIGURE 11. Typical Application Data 
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NATIONAL 


DS75361 dual TTL-to-MOS driver 


general description 

The DS75361 is a monolithic integrated dual TTL-to- 
MOS driver interface circuit. The device accepts standard 
TTL and DTL input signals and provides high-current 
and high-voltage output levels for driving MOS circuits. 
It is used to drive address, control, and timing inputs 
for several types of MOS RAMs including the 1103 and 
MM5270 and MM5280. 

The DS75361 operates from standard TTL 5V supplies 
and the MOS Vgs supply in many applications. The 
device has been optimized for operation with Vcc 2 
supply voltage from 16V to 20V; however, it is designed 
for use over a much wider range of Vcc 2 - 


features 

■ Capable of driving high-capacitance loads 

■ Compatible with many popular MOS RAMs 

■ Vcc 2 supply voltage variable over wide range to 24V 

■ Diode-clamped inputs 

■ TTL and DTL compatible 

■ Operates from standard bipolar and MOS supplies 

■ High-speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 
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absolute maximum ratings (NoteD 


operating conditions 

MIN 

MAX 

UNITS 

Supply Voltage Range of Vqci (Note 1) —0.5V to 7V 

Supply Voltage Range of Vqc 2 —0.5V to 25V 

Input Voltag6 5.5 V 

Inter-Input Voltage (Note 4) 5.5V 

Storage Temperature Range -65° C to -f-1 50° C 

Lead Temperature 1/16 Inch from Case for 

60 Seconds; J Package 300°C 

Lead Temperature 1/16 Inch from Case for 

10 Seconds: N or P Package 200°C 


Supply Voltage (Vcci ) 4.75 5.25 

Supply Voltage {\/cc 2 ^ 4.75 24 

Operating Temperature (Ta) 0 -i-70 

>> 

dc electrical characteristics (Notes 2 and 3) 







PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

High-Level Input Voltage 


2 



V 

V,L 

Low-Level Input Voltage 




0.8 

V 

V, 

Input Clamp Voltage 

l, = - 

12 mA 





V 

VoH 

High-Level Output Voltage 

V,L = 

0.8V, loH 

= -50pA 

VcC2~l 



V 



V,L = 

0.8V, loH 

= -10mA 




V 

VoL 

Low-Level Output Voltage 

V,H = 

2V, loL = 

10mA 


0.15 

0.3 

V 






0.25 

0.5 

V 

Vo 

Output Clamp Voltage 

V, = OV, loH = 20 mA 




V., 

li Input Current at Maximum Input Voltage 

V, = 5.5V 



1 

mA 

•iH 

High-Level Input Current 


A Inputs 



40 

^lA 



V 1 ^ 


E Input 



80 

fa 

«IL 

Low-Level Input Current 



A Inputs 


-1 

-1.6 

mA 





E Input 


-2 

-3.2 

mA 

•CCKH) 

Supply Current from Vcci/ Both 
Outputs High 

Vcci 

= 5.25V, 

Vcc2 = 24V, 


2 

4 

mA 

•CC2(H) 

Supply Current from Vcc 2 ' Both 
Outputs High 

All Inputs at OV, 

No Load 



0.5 

mA 

•CCKL) 

Supply Current from Vcci . Both 
Outputs Low 

Vcci 

= 5.25V, 

Vcc2 = 24V, 


16 

24 

mA 

•CC2(L) 

Supply Current from Vcc 2 ' Both 
Outputs Low 

All Inputs at 5V, 

No Load 

■1 

7 

11 

mA 

lcC2(S) 

Supply Current from Vcc2» 
Stand-by Condition 

Vcci = OV, 

All Inputs at 5V, 

Vcc2 = 24V, 
No Load 



0.5 

mA 

switching characteristics {Vcci = 5v, Vcc 2 = 20V, = 25°o 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

^DLH 

Delay Time, Low-to-High Level Output 





11 

20 

mol 

^DHL 

Delay Time, High-to-Low Level Output 





10 

18 

mm 

^TLH 

Transition Time, Low-to-High Level Output 


Cl = 390 pF, 

Rd = 10^ 
{Figure 1) 


25 

4o 

ns 


Transition Time, High-to-Low Level Output 



21 

35 

ns 

Ei 

Propagation Delay Time, Low-to-High Level Output 



10 

36 

55 

ns 

tpHL 

Propagation Delay Time, High-to-Low Level Output 



10 

31 

47 

ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75361. All typical values are for T^ = 25°C 
and VcCI “ 5V and Vcc2 * 20V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: This rating applies between the A Input of either driver and the common E input. 
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typical performance characteristics 


High-Level Output Voltage vs 
Output Current 


Low-Level Output Voltage vs 
Output Current 


Voltage Transfer Characteristics 



-0.01 -0.1 -1 -10 -100 
HIGH-LEVEL OUTPUT CURRENT (mA) 




Total Dissipation (Both Drivers) 
vs Frequency 


Propagation Delay Time, 
Low-to-High Level Output 
vs Ambient Temperature 



FREQUENCY (MHz) 



o 


40 
35 
30 
25 
20 
15 
10 
5 
0 

0 10 20 30 40 50 60 70 80 

AMBIENT TEMPERATURE (“O 





Cl 

= 39 

)pF 

— H 



=1 





— H 





Cl 

= 200 pF 







n 

= 50 

r 



: 





■— 1 


mmmmi 







Vc 

;ci = * 

iV 






VCC2 " 

_Rd = 10 
(FIGUR 

20V 

Q. , 






El) 







Propagation Delay Time, 
Low-to-High Level Output 
vs Vqc 2 Supply Voltage 



0 4 8 12 18 20 24 

SUPPLY VOLTAGE (V) 


Propagation Delay Time, 
High-to-Low Level Output 
vs Vcc2 Supply Voltage 



0 4 8 12 16 20 24 

SUPPLY VOLTAGE (V) 


Propagation Delay Time, 
High-to-Low Level Output 
vs Ambient Temperature 



“1 



1 1 



=d 




Cl = 390 pF 

— 






rr 

= 200 pF 



, 


Cl 











c 

. = 5E 

pF. 









Vc. 


iV 



' 


VcC2 = 
- Rd = 10 
(FIGUR 

!0V 1 

n J 






-] 

LU 







0 10 20 30 40 50 60 70 

AMBIENT TEMPERATURE (°C) 


Propagation Delay Time, 
Low-to-High Level Output 
vs Load Capacitance 



0 1Q0 2d0 300 400 500 600 

LOAD CAPACITANCE (pF) 



Propagation Delay Time, 
High-to-Low Level Output 
vs Load Capacitance 



0 100 200 300 400 500 600 

LOAD CAPACITANCE (pF) 
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DS75361 


schematic diagram (1/2 shown) 



ac test circuit and switching time waveforms 


I Vcci VcC 2 I 


I GND I /T>(N0TE2) 

~r 1 



Note 1 ; The pulse generator has the following characteristics: PRR = 1 MHz, Zqut ^ 
Note 2: C(. includes probe and jig capacitance. 


FIGURE 1. Switching Times, Each Driver 





typical applications 

The fast switching speeds of this device may produce overshoot. The optimum value of the damping resistor 

undesirable output transient overshoot because of load to use depends on the specific load characteristics and 

or wiring inductance. A small series damping resistor switching speed. Atypical value would be between 1012 

may be used to reduce or eliminate this output transient and 3012 (Figure 3). 


SV 19.5V 16.7V SV 



or Eliminate Output Transient Overshoot in 

FIGURE 2. Interconnection of DS75361 Devices with 1103 RAM Certain DS75361 Applications 


thermal information 

POWER DISSIPATION PRECAUTIONS 

Significant power may be dissipated in the DS75361 
driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. 
The total dissipation curve shows the power dissipated in 
a typical DS75361 as a function of load capacitance and 
frequency. Average power dissipated by this driver can 
be broken into three components: 

Pt(av) Pdc(av) Pc(Av) Ps(Av) 

where Pdc(av) 's the steady-state power dissipation with 
the output high or low, Pc(av) 'S the power level during 
charging or discharging of the load capacitance, and 
Ps(Av) is the power dissipation during switching between 
the low and high levels. None of these include energy 
transferred to the load and all are averaged over a full 
cycle. 

The power components per driver channel are: 

„ PL^L'^PHtn 

i^DCiAV) “ T , 

Pc(AV)«CVc2f 

„ Puh^lh+Phl^hl 

Ps(AV) “ j 

where the times are as defined in Figure 4. 

Pl/ Ph» Plh» 3nd Phl are the respective instantaneous 
levels of power dissipation and C is load capacitance. 

The DS75361 is so designed that Ps is a negligible por- 
tion of P-y in most applications. Except at very high 
frequencies, ti_ + tn » t|_H + tnu so that Ps can be 

Ihl— I •* - 1 


neglected. The total dissipation curve for no load demon- 
strates this point. The power dissipation contributions 
from both channels are then added together to obtain 
total device power. 

The following example illustrates this power calculation 
technique. Assume both channels are operating identi- 
cally with C = 200 pF, f = 2 MHz, Vcci = 5V, Vcc 2 = 
20V, and duty cycle = 60% outputs high (tn/T = 0.6). 
Also, assume Vqh = 19.3V, Vql “ 0.1V, Ps is negligible, 
and that the current from Vcc 2 's negligible when the 
output is high. 

On a per-channel basis using data sheet values: 

Poc(AV) = [(5V) (^) + (20V) (^)](0.6) + 
[(5V) + (20V) ^^^)|(0.4) 

Pdc(av) ~ P®r channel 

Pc(Av) ^ (200 pF) (19.2V)2 (2 MHz) 

Pc(Av) mW per channel. 

For the total device dissipation of the two channels: 
Pt(av) « 2 (47 + 148) 

Pj(AV) ^ 390 mW typical for total package. 

tLH 
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DS75362 


NATIONAL 

DS75362 dual TTL-to-MOS driver 
general description 

The DS75362 is a dual monolithic integrated TTL-to- 
MOS driver and interface circuit that accepts standard 
TTL and DTL input signals and provides high-current 
and high-voltage output levels suitable for driving MOS 
circuits. It is used to drive address, control, and timing 
inputs for several types of MOS RAMs including the 
1103. 


The DS75362 operates from the TTL 5V supply and the 
MOS Vss and Vqb supplies In many applications. This 
device has been optimized for operation with Vcc 2 
supply voltage from 16V to 20V, and with nominal 
Vcc 3 supply voltage from 3V to 4V higher than Vcc 2 - 
However, it is designed so as to be usable over a much 
wider range of Vcc 2 ^nd Vcc 3 - In some applications the 
Vcc 3 power supply can be eliminated by connecting the 
Vcc 3 pin to the Vcc 2 P«n. 


schematic and connection diagrams 



Memory/Clock Drivers 


features 

■ Dual positive-logic NANP TTL-to-MOS driver 

■ Versatile Interface circuit for use between TTL and 
high-current, high-voltage systems 

■ Capable of driving high-capacitance loads 

■ Compatible with many popular MOS RAMs 

■ Vcc 2 supply voltage variable over wide range to 24V 
maximum 

■ Vcc 3 supply voltage pin available 

■ Vcc 3 pin can be connected to Vcc 2 Pin in some 
applications 

■ TTL and DTL compatible diode-clamped inputs 

■ Operates from standard bipolar and MOS supply 
voltages 

■ High-speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 


Oual-ln-Line Package 
Vcci Y1 V2 Vcc 2 



Duai-in-Line Package 

Vcci NC Y1 NC Y2 NC Vcc 2 



Order Number DS75362J 
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absolute maximum ratings (NoteD 


operating conditions 


Supply Voltage Range of VqcI —0.5V to 7V 

Supply Voltage Range of Vcc2 —0.5V to 25V 

Supply Voltage Range of VcC3 —0.5V to 30V 

Input Voltage 5.5V 

Inter-Input Voltage (Note 4) 5.5V 

Storage Temperature Range — 65°C to 150°C 

Lead Temperature (Soldering 10 seconds) 300°C 


Supply Voltage (Vcci ) 

Supply Voltage (Vqc2) 

Supply Voltage (Vqc3) 

Voltage Difference Between 
Supply Voltages: Vcc3-VcC2 

Operating Ambient Temperature 
Range (T/^) 


electrical characteristics (Notes 2 and 3) 


PARAMETER | 

V.H 

High-Level Input Voltage 

V,L 

Low-Level Input Voltage 

V. 

Input Clamp Voltage 

< 

0 

I 

High-Level Output Voltage 

VoL 

Low-Level Output Voltage 

Vo 

Output Clamp Voltage 

l| Input Current at Maximum 

Input Voltage 

•iH 

High-Level Input Current 

l|L 

Low-Level Input Current 

lcCI(H) 

Supply Current from Vcci, 
All Outputs High 

•CC2(H) 

Supply Current from Vcc 2 « 
All Outputs High 

*CC3(H) 

Supply Current from Vcca, 
All Outputs High 

•CCKL) 

Supply Current from Vqci, 
All Outputs Low 

•CC2(L) 

Supply Current from Vcc 2 » 
All Outputs Low 

•CC3(L) 

Supply Current from Vcca, 
All Outputs Low 

•CC2(H) 

Supply Current from VcC 2 , 
All Outputs High 

•CC3(H) 

Supply Current from Vcca, 
All Outputs High 

^CC2(S) 

Supply Current from Vcc 2 » 
Stand-by Condition 

•CC3(S) 

Supply Current from Vcc 3 , 
Stand-by Condition 


V| = 2.4V 
V, = 0.4V 



Vcci = 5.25V. Vcc2 = 24V, 

Vcc 3 = 28V, All Inputs at OV, No Load 


Vcci = 5.25V, Vcc2 = 24V. 

Vcc 3 = 28V, All Inputs at 5V, No Load 


= 5.25V, Vcc2 = 24V, 

= 24V, All Inputs at OV, No Load 


Vcci = OV. Vcc 2 = 24V. 

Vcc 3 = 24V, All Inputs at 5V, No Load 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not hneant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75362. All typical values are for T/y =25°C 
and Vqqi = 5V and Vcc2 “ 20V and Vqc 3 = 24V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: This rating applies between any two inputs of any one of the gates. 


4-83 


DS75362 































































DS75362 


switching characteristics (Vcd = 5V, Vcc 2 = 2 ov, Vccs = 24v, t* = 2s°a 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

toLH Delay Time, Low-to-High Level Output 

Cl = 200 pF, 
Rd = 24Q. 
{Figure 1) 


11 

20 

ns 

toHL. Delay Time, High-to- Low Levpl Output 


10 

18 

ns 

tjLH Transition Time, Low-to-High Level Output 


20 

33 

ns 

^THL Transition Time, High-to-Low Level Output 


20 

33 

ns 

tpLH Propagation Delay Time, Low-to-High Level Output 

10 

31 

48 

ns 

tpHL Propagation Delay Time, High-to-Low Level Output 

10 

30 

46 

ns 


ac test circuit and switching time waveforms 



Note 1 ; The pulse generator has the follovwng characteristics: PRR = 1 MHr, Zqut SOSil. 
Note 2: C|, includes prohe and jig capacitance. 

FIGURE 1. Switching Times, Each Driver 


typical performance characteristics 


High-Level Output Voltage vs 
Output Current 


High-Level Output Voltage vs 
Output Current 


Low-Level Output Voltage 
Output Current 


II 

II 

iS 
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II 
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til 
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II 
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II 

III 
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Hi 


- 0.01 - 0.1 -1 -10 -100 
HIGH-LEVEL OUTPUT CURRENT (mA) 



HIGH-LEVEL OUTPUT CURRENT (mA) 



0 20 40 60 80 100 

LOW-LEVEL OUTPUT CURRENT (mA) 
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typical performance characteristics (con't) 


Voltage Transfer Characteristics 


Total Dissipation (Two Drivers) 
vs Frequency 

















.Vcci = 

5V 




VcC2 “ 
VcC3 = 
"Ta = 2 
NO LO 

20V 
24 V 




5°C 

AO 





O.S 1 1.5 

INPUT VOLTAGE (V) 




£5 

o 


Propagation Delay Time, 
Low-to-High Level Output vs 
Ambient Temperature 



AMBIENT TEMPERATURE TO 


Propagation Delay Time, 
High-to-Low Level Output vs 
Ambient Temperature 
40 

OJ- 

pi 30 
5 ° 25 

z S 20 

o _j 

is 

is >« 

cr X 
“ 5 

X 

0 10 20 30 40 50 60 70 80 

AMBIENT TEMPERATURE (°C) 



Propagation Delay Time, 
Low-to-High Level Output vs 
Vcc2 Supply Voltage 



Propagation Delay Time, 
High-to-Low Level Output vs 
Vcc2 Supply Voltage 



Propagation Delay Time, 
Low-to-High Level Output vs 
Load Capacitance 



0 ‘ 50 100 150 200 250 300 350 400 

LOAD CAPACITANCE (pF) 


Propagation Delay Time, 
High-to-Low Level Output vs 
Load Capacitance 



0 50 100 150 200 250 300 350 400 


LOAD CAPACITANCE (pF) 
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typical applications 


The fast switching speeds of this device may produce 
undesirable output transient overshoot because of load 
or wiring inductance. A small series damping resistor 
may be used to reduce or eliminate this output transient 
overshoot. The optimum value of the damping resistor 
depends on the specific load characteristics and switching 
speed. A typical value would be between 10^2 and 3012 
(Figure 2). 



FIGURE 3. Output Voltage Waveform 



r* DS75362 "n I IMOS *"1 
' SYSTEM 

L__J L_iJ 


Pl, Ph. Plh» and Phl are the respective instantaneous 
levels of power dissipation and C is load capacitance. 

The DS75362 is so designed that Ps is a negligible por- 
tion of Pj in most applications. Except at very high 
frequencies, t|_ + tn » t|_H + tnL so that Ps can be 
neglected. The total dissipation curve for no load 
demonstrates this point. The power dissipation contri- 
butions from two channels are then added together 
to obtain total device power. 


FIGURE 2. Use of Damping Resistor to Reduce or 
Eliminate Output Transient Overshoot In Certain 
DS75362 Applications. 


thermal information 


The following example illustrates this power calculation 
technique. Assume two channels are operating Identi- 
cally with C = 100 pF, f = 2 MHz, Vcci = 5V, Vcc 2 = 
20V, Vqq 3 = 24V and duty cycle = 60% outputs high 
(tH/r = 0.6). Also, assume Vqh = 20V, Vql = 0.1V, 
Ps is negligible, and that the current from Vcc 2 
negligible when the output is low. 

On a per-channel basis using data sheet values: 


POWER DISSIPATION PRECAUTIONS 

Significant power may be dissipated in the DS75362 
driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. 
The total dissipation curve shows the power dissipated in 
a typical DS75362 as a function of load capacitance and 
frequency. Average power dissipation by this driver 
can be broken into three components: 


Pdc(av) - |<5V + (20V) (24V) 

(^)] ,0.6).[(5V)(^) . 


Pt(AV) ~ PdC(AV) + Pc(AV) Ps(AV) 

where Pdc(av) 's the steady-state power dissipation with 
the output high or low, Pc(av) 's the power level during 
charging or discharging of the load capacitance, and 
Ps(AV) is the power dissipation during switching between 
the low and high levels. None of these Include energy 
transferred to the load and all are averaged over a full 
cycle. 


(20V) + (24V) 



Pdc(av) = 58 mW per channel 
Pc(AV) =' (100pF) (19.9V)2 (2 MHz) 


The power components per driver channel are: 
„ Putu+PHtH 

^DC(AV) j 

Pc(AV) ^ C Vc^ f 
r, PUHttH+PHL^HL, 

PS(AV) - - - 

where the times are as defined in Figure 3. 


Pc(AV) ^ 79 mW per channel. 

For the total device dissipation of the two channels 
Pj(AV) « 2 (58 + 79) 

Pj{AV) 274 mW typical for total package. 
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DS75364 dual MOS clock driver 


general description 

The DS75364 is a dual MOS driver and interface circuit 
that operates with either current source or voltage 
source input signals. The device accepts signals from 
TTL levels or other logic systems and provides high 
current and high voltage output levels suitable for 
driving MOS circuits. It may be used to drive address, 
control and/or timing inputs for several types of MOS 
RAMs and MOS shift registers. 

The DS75364 operates from standard MOS and bipolar 
supplies, and has been optimized for operation with Vcci 
supply voltage from 12— 20V positive with respect to 
Vee» and with nominal Vcc 2 supply voltage from 3— 4V 
more positive than V^ci- However, it is designed so as to 
be useable over a much wider range of Vqci and Vcc 2 - 
In some applications the Vqq 2 power supply can be 
eliminated by connecting the Vqc 2 P'n to the Vcci P*n. 

Inputs of the DS75364 are referenced to the V^g ter- 
minal and contain a series current limiting resistor. The 
device will operate with either positive input current sig- 
nals or input voltage signals which are positive with res- 
pect to Vee- many applications the V^e terminal Is 
connected to the MOS Vpp supply of -12V to -15V 
with the inputs to be driven from TTL levels or other 
positive voltage levels. The required negative level 


Memory/Clock Drivers 


shifting may be done with an external PNP transis- 
tor current source or by use of capacitive coupling and 

appropriate input voltage pulse characteristics. 

The DS75364 is characterized for operation over the 

0°C to +70°C temperature range. 

features 

■ Versatile interface circuit for use between TTL levels 
and level shifted high current, high voltage systems 

■ Inputs may be level shifted by use of a current source 
or capacitive coupling or driven directly by a voltage 
source 

■ Capable of driving high capacitance loads 

■ Compatible with many popular MOS RAMs and MOS 
shift registers 

■ Vcci supply voltage variable over wide range to 22V 
maximum with respect to Vee 

■ Vcc 2 pull-up supply voltage pin available 

■ Operates from standard bipolar and/or MOS supply 
voltages 

■ High-speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 


connection diagrams 


Duai-ln-Line Package 

Vcc2 Y1 Vcci Y2 



TOP VIEW 

Order Number DS75364N 


Dual-In-Line Package 

Vcci NC Y2 NC A2 NC NC 
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DS753^4 


absolute maximum 

ratings ^ (Note 1) 

operating conditions 





MIN 

MAX 

UNIT 

Supply Voltage Range of Vqci 

-0.5V to 22V 

Supply Voltage 



Supply Voltage Range of Vcc2 

-0.5V to 30V 

Vcci 4.75 

22 

V 

Input Voltage 

_ 15V 

VCC2 Vcci 

28 

V 

Most Positive Voltage at Any Input 
with Respect to Vqc2 

0.5V 

Voltage Difference Between 0 

Supply Voltages 

10 

V 

Storage Terhperature Range -65 C to +150 C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Input Voltage 

Temperature (T/\) 0 

VCC2 

70 

°c 


electrical characteristics (Notes 2 , 3 , 4 and 5) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H High Level Input Voltage 

Voltage Mode Input Logic Levels 

5 


10 

V 

ViL . Low Level Input Voltage 

Voltage Mode Input Logic Levels 



.1 

V 

liH High Level Input Current 

Current Mode Input Logic Levels 

8 

r’ 

15 

mA 

lii_ Low Level Input Current 

Current Mode Input Logic Levels 


■■ 

0.7 

mA 

Vqh High Level Output Voltage 

Vcc2 ~ ^cci 
(Note 4) 

Iqh =-T00)uA 

> 

II 

_i 

> 

Vcc2“0-3 




liL = 0.7 mA 

Vcc2“0.3 



V 

Iqi-i ~ 10 mA 

V,L = 1V 

Vcc2-1.2 



i V 

lii_ = 0.7 mA 

Vcc2~1-2 

Vcc2“0.9 


I V 

VcC2, ~ Vcci/ 
(Note 4) 

Iqh =-50pA 

V,L = 1V 

VcC2~1 

Vcc2-0-7 


V 

liL = 0.7mA 

VcC2“1 

Vcc2-0-7 


V 

Iqh ~ 1® mA 

V,L= IV, 

lUSSUI 



V 

•iL, ~ 0<7 mA 




V 

Vql Low Level Output Voltage 

Iql ~ ”10 mA 

> 

If) 

II 

X 

> 


0.15 

0.3 

V 

1 l,H = 8 mA 1 


0,15 

0.3 

V 

Vcc 2 = 15 to 28V, 
loL=40mA 

> 

If) 

II 

I 

> 


, 0.25 

0.5 

V 

1 l,H = 8 mA 1 



0.5 

V 

Vq Output Clamp Voltage 

V, = OV, Iqh = 20 mA 




■ ' V 

l| Input Current at Maximum 

Input Voltage 

Vcc2= 10Vto28V. V, = 10V 



26 

mA 

V| Input Voltage at Maximum 

Input Current 

Vcc 2 = 13.5V to 28V, 1, = 15 mA 


9 


V 

I|H High Level Input Current 

< 


7 

11 

,mA 

V|H High Level Input Voltage 

l, = 8mA 


5.5 

8 

V 

lii_ Low Level InputCurrent 

V, = iy 


1.1 

1.6 

mA 

V|L Low Level Input Voltage 

1, = 0.7 mA 


0.7 

1 

V 

•cci(H) Supply Current From Vcci, 

Both Outputs High 

Vcci = 22V, Vcc2 = 26V, 

. Both Inputs at OV, No Load 


-1.1 

-1.6 

mA 




mA 

lcc 2 (H) Supply Current From Vcc 2 < 

Both Outputs High 

Vcci = 22V, Vcc2 = 26V, 
Both Inputs at OV, No Load 



2 

mA 

•ccKL) Supply Current From Vcci, 

Both Outputs Low 

VcG-1 ^ 22V. Vcc2 = 28V, 
Both Inputs at 7V, No Load 


0.5 

1 

mA 

•cc 2 (L) Supply Current From Vcc 2 , ‘ 

Both Outputs Low 

Vcci = 22V, Vcc2 = 28V, 
Both Inputs at 7V, No Load 


8 

■1 

mA 

^CCKH) Supply Current From Vcci, 

Both Outputs High 

Vcci = 22V, Vcc2= 22V, 
Both Injauts at OV, No Load 

i 


H 

mA 

*CC 2 (H) Supply Current From Vcc 2 , 

Both Outputs High 

Vcci = 22V, Vcc2 = 22V, 
Both Inputs at OV, No Load 



0.5 

mA 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75364. All typical values are for T/\ = 25°C, 
Vcci = 20V, Vcc2 = 24V and Vee = OV, , ' 

Note 3: AH currents into device pihs shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Many of these parameters are specified independently for either voltage source or current source external forcing functions at the inputs. 
Use the appropriate set of specifications for each application. 

Note 5: Alj parameters are specified with Vee = OV and for input voltage no more positive than Vcc2- 
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switching characteristics Vcci = 20v, v^e = ov, = 25°c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tOLH 

Delay Time, Low-to-High 

Cl = 390pF, Ro= 10R 

Vcc2 = 24V 


13 


ns 


Level Output 

(Figure 1) 

^ CC2 ” 20V 


14 


ns 

^DHL 

Delay Time, High-to-Low 

Cl = 390 pF, Ro= loa 

Vcc2 = 24V 


9 


ns 


Level Output 

(Figure 1) 

Vcc2 = 20V 


10 


ns 

^TLH 

Transition Time, Low-to-High 

Cl = 390 pF, Rq= 10f2, 



21 


ns 


Level Output 

(Figure 1) 

Vcc 2 = 20V 


21 


ns 

tTHL 

Transition Time, High-to-Low 

Cl = 390pF, Rd = ion. 

Vcc2 = 24V 


19 


ns 


Level Output 

(Figure 1} 



18 


ns 

tpLH 

Propagation Delay Time, 

Cl = 390pf, Rd = ion. 



34 


ns 


Low-to-High Level Output 

(Figure 1} 



35 


ns 

tpHL 

Propagation Delay Time, 

Cl = 390pf, Rd = ion. 

Vcc2 = 24V 


28 


ns 


High-to-Low Level Output 

(Figure 1) 

Vcc2 = 20V 


28 


ns 


schematic diagram (1/2 shown) 



ac test circuit and switching time waveforms 



FIGURE 1. Switching Times, Each Driver 
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DS75364 


typical applications 



FIGURE 2. MOS RAM Clock Driver System with PNP Transistor Current 
Source used to Level-Shift to Inputs of DS75364 


+9V +5V 



FIGURE 3. MOS Shift Register Clock Driver System with Capacitive 
Coupling used to Level-Shift to Inputs of DS75364 


application hints 

Applications of the DS75364 used as an interface device 
in systems converting TTL signals to negative polarity 
MOS clock signals are shown in Figures 2 and 3. In both 
applications the DS75364 pin is connected to a 
negative MOS supply voltage. The Vcc 2 supply pin may 
be connected to the Vq^i P*n as shown In Figure 3 or 
connected to a separate voltage more-positive than Vcci 
as shown in Figure 2. The DS75364 may be used over a 
wide range of Vcci ^CC 2 supply voltages which are 
positive with respect to However, for proper opera- 
tion the voltage at the inputs of the DS75364 should not 
be more positive than the voltage at Vcc 2 - 

Both applications shown require negative level shifting 
from positive voltage levels to the inputs of the 
DS75364 which are referenced to the V^e terminal. A 
PNP transistor current source is used to level shift in 


Figure 2. Resistor R sets the current and an open- 
collector TTL gate is used to switch the PNP transistor. 
Figure 3 shows capacitive coupling being used to level 
shift with the DS75361 TTL-to-MOS driver used as a 
low Impedance voltage source driver. The value of 
coupling capacitor C depends on the frequency and 
characteristics of the signal applied to the capacitor. 

The fast switching of the DS75364 may produce un- 
desirable output transient overshoot because of load or 
wiring inductance. A small series damping resistor may 
be used to reduce or eliminate this output transient over- 
shoot. The optimum value of the damping resistor de- 
pends on the specific load characteristics and, switching 
speed. A typical value would be between 10 and 30 
ohms (Figure 4). 


I „ I MOS "1 

I , SYSTEM , 

I I 

I 0S7S3M I I I 

I I 1 T I 

I I i_^j 

Note; Ro=» ion to 30n (optional). 

FIGURE 4. Use of Damping Resistor to Reduce or Eliminate Output 
Transient Overshoot in Certain DS75364 Applications 
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NATIONAL 


DS75365 quad TTL-to-MOS driver 
general description 

The DS75365 is a quad monolithic integrated TTL-to- 
MOS driver and interface circuit that accepts standard 
TTL and DTL input signals and provides high-current 
and high-voltage output levels suitable for driving MOS 
circuits. It is used to drive address, control, and timing 
inputs for several types of MOS RAMs including the 
1103. 

The DS75365 operates from the TTL 5V supply and the 
MOS Vss and V 0 B supplies in many applications. This 
device has been optimized for operation with Vcc 2 
supply voltage from 16V to 20V, and with nominal 
Vcc 3 supply voltage from 3V to 4V higher than Vcc 2 * 
However, it is designed so as to be usable over a much 
wider range of Vcc 2 ^nd Vcc 3 - In some applications the 
Vcc 3 power supply can be eliminated by connecting the 
Vcc 3 pin to the Vcc 2 P‘n- 


features 

■ Quad positive-logic NAND TTL-to-MOS driver 

■ Versatile interface circuit for use between TTL and 
high-current, high-voltage systems 


■ Capable of driving high-capacitance loads 

■ Compatible with many popular MOS RAMs 

■ Interchangeable with Intel 3207 

■ Vcc 2 supply voltage variable over wide range to 24V 
maximum 

■ Vcc 3 supply voltage pin available 

■ Vcc 3 pin can be connected to Vcc 2 Pin in some 
applications 

■ TTL and DTL compatible diode-clamped inputs 

■ Operates from standard bipo^ar and MOS supply 
voltages 

■ Two common enable inputs per gate-pair 

■ High-speed switching 

■ Transient overdrive minimizes power dissipation 

■ Low standby power dissipation 


schematic and connection diagrams 
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absolute maximum ratings (Notei) 

operating conditions 







MIN 

MAX 

UNITS 

Supply Voltage Range of Vqci 

-0.5V to 7V 

Supply Voltage (Vqci) 

4.7S 

5.25 

V 

Supply Voltage Range of Vqq 2 

-0.5V to 25V 

Supply Voltage {\/cC2^ 

4.75 

24 

V 

Supply Voltage Range of VcC3 

-0.5V to 30V 

Supply Voltage (Vccs) 

VCC2 

28 

V 

Input Voltage 

5.5V 

Voltage Difference Between 

0 

10 

V 

Inter-Input Voltage {Note 4) 
Storage Temperature Range 

5.5V 

-65°C to 150°C 

Supply Voltages: Vcc3~VcC2 




Lead Temperature (Soldering 10 seconds) 

300°C 

Operating Ambient Temperature 

0 

70 

°c 


Range {Tj\) 




electrical characteristics 

{Notes 2 and 3) 






PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

High-Level Input Voltage 


2 



V 

V,L 

Low-Level Input Voltage 




0.8 

V 

V| Input Clamp Voltage 

l,=-12mA 



-1.5 

V 

VoH 

High-Level Output Voltage 

Vcc3 = Vcc2+3V, V,l = 0.8V, Iqh = “lOO/xA 


VcC2 “0.1 


V 



Vcc3 = Vcc2+3V, V,l = 0.8V, Ioh = “10 mA 

Vcc2-1-2 

Vcc2“0.9 


V 



Vcc3 ~ Vcc2' V|L = 0.8V, Iqh ~ ~50/iA 

Vcc-1 

Vcc2-0.7 


V 



Vcc3 ~ Vcc2' V||_ = 0.8V, Iqh ~ ~)0 mA 

mm 



V 

VoL 

Low-Level Output Voltage 

1 V,h=2V,Iol = 

10 mA 1 


0.15 

0.3 

V 



. Vcc 3 = 1 5V to 28V, V,H = 2V, Iql f ^0 mA 


0.25 

0.5 

V 

Vo 

Output Clamp Voltage 

V| =0V, Iqh = 20 mA 



Vcc2^^ -5 

V 

l( Input Current at Maximum 

Input Voltage 

V, = 5.5V 



1 

mA 

I.H 

High-Level Input Current 

V, = 2.4V 

A Inputs 



40 

HA 



El and E2 Inputs 



80 

ma 

«1L 

Low-Level Input Current 

V, = 0.4V 

A Inputs 


-1 

-1.6 

mA 




El and E2 Inputs 


-2 

-3.2 


*CC1{HJ 

Supply Current from V^ci, 
All Outputs High 




4 

8 


•CC2(H) 

Supply Current from Vqq 2 , 

Vcci = 5.25V, V 

CC2 = 24V, 


-2.2 

+0.25 

mA 


All Outputs High 

Vcc 3 = 28V. All Inputs at OV. No Load 


-2.2 

-3.2 

mA 

•CC3{H) 

Supply Current from \fcc 3 > 
All Outputs High 




2.2 


mA 

•CCKL) 

Supply Current from Vqci » 
All Outputs Low 



HI 

31 

47 

mA 

*CC2(U 

Supply Current from Vcc 2 » 
All Outputs Low 

, Vcci = 5.25V, Vcc2 = 24V, 

Vcc 3 = 28V, All Inputs at 5V, No Load 



3 


•CC3{L) 

Supply Current from Vcca, 
All Outputs Low 




16 

m 

B9 

*CC2(H) 

Supply Current from \/cc 2 , 
All Outputs High 

Vcci = 5.25V, V 

CC2 = 24V, 

■■ 



mA 

•CC3(H) 

Supply Current from Vcc 3 / 
All Outputs Higti 

Vcc 3 == 24V, All Inputs at OV, No Load 



0.5 

mA 

•CC2(S) 

Supply Current from Vcc 2 * 
Stand-by Condition 

Vcci = OV. Vcc2 = 24V, 



0.25 

mA 

•cC3(S) 

Supply Current from Vcca. 
Stand-by Condition 

Vcc 3 = 24V, All Inputs at 5V, No Load 



0.5 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified mln/max limits apply across the 0°C to +70°C range for the DS75365. All typical values are for T/\ =25°C 
and Vcci = 5V and Vqc 2 ~ 20V and Vcc3 24V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: This rating applies between any two inputs of any one of the gates. 
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switching characteristics (Vcci = 5V, Vcc2 = 20V , Vccs = 24V, t* = 25°o 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Tdlh Delay Time, Low-to-High Level Output 

Cl = 200 pF, 
Rd = 24^2, 
{Figure 1) 


11 

20 

ns 

toHL Delay Time, High-to-Low Level Output 


10 

18 

ns 

tTLH Transition Tirne, Low-to-High Level Output 


20 

33 

ns 

^THL Transition Time, High-to-Low Level Output 


20 

33 

ns 

tpLH Propagation Delay Time, Low-to-High Level Output 

10 

31 

48 

ns 

tpHL Propagation Delay Time, High-to-Low Level Output 

10 

30 

46 

ns 


ac test circuit and switching time waveforms 



INPUT 5V 24V 20V 



Note 1 : The pulse generator has the following characteristics: PRR = 1 MHz, Zqut 
N ote 2: Ct includes probe and jig capacitance. 

FIGURE 1. Switching Times, Each Driver 


typical performance characteristics 


High-Level Output Voltage vs 
Output Current 


High-Level Output Voltage vs 
Output Current 


Low-Level Output Voltage 
Output Current 


■ 

li 

IS 

II 

III 

II 

III 

III 

■ 

II 

ill 

II 


B 

ii 

II 

i 

■ 

II 

III 

II 

III 

■ 

III 

ill 

II 

II 

II 

ill 

li 

i 

I 

a 

II 

III 

II 

ill 

I 

Vcc3 = 24V 
V| = 0.8V 

I 

r 

I 

L 

1 


-0.01 -0.1 -1 -10 -100 
HIGH-LEVEL OUTPUT CURRENT (mA) 



HIGH-LEVEL OUTPUT CURRENT (mA) 



0 20 40 60 BO 100 

LOW-LEVEL OUTPUT CURRENT (mA) 
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typical performance characteristics (con't) 


Voltage Transfer Characteristics 


.Vcci=5V_ 
Vcca * 20V 
Vcc3“24V. 
^ 'Ta = 25“C " 
NO LOAD 


Total Dissipation (All Four 
Drivers) vs Frequency 


i Hiiiiiii ami 

HKIFJUrJI 

niiiwiiii 

jaKii 




INPUT VOLTAGE (V) 


0.1 0.2 0:4 0.7 1 2 

FREQUENCY (MHz) 


Propagation Delay Time, 
Low-to-High Level Output vs 
Ambient Temperature 



r 

1 

- 



Cl- 

200 p 







— 

-Cl 

• 1 

= 50pF__] 

wmmmm 





















10 20 30 40 50 60 70 

AMBIENT TEMPERATURE TC) 


Propagation Delay Time, 
High-to-Low Level Output vs 
Ambient Temperature 


Vcci =5V - 

Vcc2 = 20V 

"Vcc3 = 24V‘ 

R0 = 24Sl . 

(FIGURED 

10 20 30 40 50 60 70 80 

AMBIENT TEMPERATURE (“0 


Propagation Delay Time, 
L6w-to-High Level Output vs 
Vcc2 Supply Voltage 


^ ^ 












30 

> 3 

< o 25 






SS 20 

o -t 

E 55 15 

— 



hcT= 

! 

100 pF 

1_5V 1 

a 5 

2 o 10 




“ Vcci 
Vcc3 

= VcC2 

a. g 5 




■Rd = 

_T. 

25« 





(FIGURED 


I 8 12 16 

SUPPLY VOLTAGE (V) 


Propagation Delay Time, 
High-to-Low Level Output vs 
Vcc2 Supply Voltage 


^-^^cT=100pF- 

I I 

- Vcci = 5V 
_ Vcc3 ~ Vcc 2 + 4\ 
Rd = 240 
-Ta=25°C 
(FIGURED 


Propagation Delay Time, 
Low-to*High Level Output vs 
Load Capacitance 

I 

, Vcc2 = 20V 

' Vcc3==24V 

Ta = 25"C ^ 

• (FIGURED Rd = 2^jX= — 









= 0 









50 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) 


Propagation Delay Time, 
High-to-Low Level Output vs 
Load Capacitance 


Ta 

hFIGURED 



50 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) 


typical applications 


The fast switching speeds of this device may produce 
undesirable output transient overshoot because of load 
or wiring inductance. A small series damping resistor 
may be used to reduce or eliminate this output transient 


overshoot. The optimum value of the damping resistor 
depends on the specific load characteristics and switching 
speed. A typical value would be between 10^21 and 3012 
(Figure 3). 
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typical applications (con't) 


5V 19^V 16V 5V 



FIGURE 2. interconnection of DS75365 Devices FIGURE 3. Use of Damping Resistor to Reduce or 

With 1 103-Type Silicon-Gate MOS RAM Eliminate Output Transient Overshoot In Certain 

DS75365 Applications 

thermal information 

POWER DISSIPATION PRECAUTIONS 

Significant power may be dissipated in the DS75365 
driver when charging and discharging high-capacitance 
loads over a wide voltage range at high frequencies. 

The total dissipation curve shows the power dissipated in 
a typical DS75365 as a function of load capacitance and 
frequency. Average power dissipation by this driver 
can be broken into three components: 

Pj(AV) = PdC(AV) + Pc(AV) + Ps(AV) 

where Pdc(av) is the steady-state power dissipation with 
the output high or low, Pc(av) 's the power level during 
charging or discharging of the load capacitance, and 
Ps(AV) is the power dissipation during switching between 
the low and high levels. None of these include energy 
transferred to the load and all are averaged over a full 
cycle. 

The power components per driver channel are: 

„ PttL+PHtH 

Pdc(av) ~ j 

Pc(AV) ^ C Vc2 f 

„ PLRtLH+PHLtHL 

'^S(AV) - j 

where the times are as defined In Figure 4. 

Pl/ Ph» Plh/ and Phl ate the respective instantaneous 
levels of power dissipation and C is load capacitance. 

The DS75365 is so designed that Pq is a negligible por- Pt<av) ^ 4 (58 + 79) 

tion of Pj in most applications. Except at very high 

frequencies, t^ + tn » tLH + tnL so that Ps can be Pt(av) ^ 548 mW typical for total package. 



FIGURE 4. Output Voltage Waveform 


neglected. The total dissipation curve for no load 
demonstrates this point. The power dissipation contri- 
butions from all four channels are then added together 
to obtain total device power. 

The following example illustrates this power calculation 
technique. Assume ail four channels are operating identi- 
cally with C = 100 pF, f = 2 MHz, Vcci = 5V, Vcc 2 = 
20V, Vcc 3 = 24V and duty cycle = 60% outputs high 
(tn/T = 0.6). Also, assume Vqh = 20V, Vql = 0.1V, 
Pg Is negligible, and that the current from Vcc2 
negligible when the output is low. 

On a per-channel basis using data sheet values: 

Pdc(av) = |(5V + (20V) (24V) 

(^^)] (0.6)+[(5V)(^) + 

(20V) + (24V) (0.4) 

Pdc(av) 58 mW per channel 
Pc(AV) (100 pF) (19.9V)2 ,2 MHz) 

Pc(Av) ^ 79 mW per channel. 

For the total device dissipation of the four channels: 
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Sense Amplifiers 


NATIONAL 


DS1605/DS3605, DS1606/DS3606, DS1607/DS3607, 
DS1608/DS3608 hex MOS sense amplifiers (MOS to TTL converters) 

general description 


The DS3605 series is a new series of programmable 
hex MOS sense amplifiers featuring high speed direct 
MOS sense capability with high impedance states to 
allow use of a common bus line. The DS1605/DS3605 
and the DS1606/DS3606 have TRI-STATE® outputs. 
The DS1607/DS3607 and DS1608/DS3608 have both 
TRI-STATE inputs and outputs. High impedance states 
are controlled by an enable input. 

Input current threshold (the level at which the output 
changes state) is determined by the current at the 
programming pin. The current threshold is lOOjuA with 
the programming pin grounded and 250/uA with the pin 
unconnected. The threshold can be set from lOOjuA to 
300juA by connecting a resistor from the pin to ground, 
and set above 300juA by connecting a resistor from the 
pin to the positive supply. 


Outputs are high current drivers capable of sinking 
50 mA in the low state and sourcing 5 mA in the high 
state. 

features 

■ Non-inverting Inputs (DS1605/DS3605, DS1607/ 
DS3607) 

■ Inverting inputs (DS1606/DS3606, DS1608/DS3608) 

■ No external components required (direct MOS sensing) 

■ Programmable input thresholds 

■ Current sensing— lOOjU A minimum 

■ 50 mA drive capability 

■ TRI-STATE control 

■ Single 5V supply 

■ 15 ns typical propagation delay (DS3605) 



5-1 


DS1605/DS3605, DS1606/DS3606, DS1607/DS3607, DS1608/DS3608 










DS1605/DS3605, DS1606/DS3606, DS1607/DS3607, DS1608/DS3608 


absolute maximum ratings (Notei) 

Supply Voltage 7V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Input Drive Current per Input 25 mA 

Storage Temperature Range -65° C to 150°C 

Lead Temperature (Spidering, 10 seconds) 300° C' 


operating conditions 

MiN 

Supply Voltage, V^c 

MAX 

UNITS 

PS3605/DS3606, 

DS3607/DS3608 

4.75 

5.25 

V 

DS1605/DS1606, 

DS1607/DS1608 

4.5 

5.5 

V 

Temperature, T/\ 

DS3605/DS3606, 

DS3607/DS3608 

, 0 

+70 

°c 

DS1605/DS1606, 

DS1607/DS1608 

-55 

+125 

°c 


dc electridal characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logical "1" Input Voltage Disable 

Vcc - •Vlin 

2 



V 

l|H 

Logical "1" Input Current Disable 

Vcc = Max, V,M = 2.4V 



40 

ma 

V,L 

Logical "0" Input Voltage Disable 

Vcc = •^iri 



0.8 

V 

IlL 

Logical "0" Input Current Disable 

V,n=^0.4V 



-1.6 

mA 

VcD 

Input Clamp Voltage Disable 

^CC ~ •in 

1 =-12 mA 


-1 

-1.5V 

V 

VoH 

Logical " 1 " Output Voltage 

Vcc ~ •^•in, Iqut “ 5 mA 

2.4 



V 

•os 

Output Short Circuit Current 

Vqc ”,•^3^/ Vqut ~ (Note 4) 

-20 

-50 

-90 

mA 

VoL 

Logical "0" Output Voltage 

Vcc ~ Min, Iqut ~ mA 


0.3 

0.4 

V 

•oL 

Logical "0" Output Current 

Vcc = IViin, Vql = 0.4 

50 



mA 

•out 

TRI-STATE Output Current 

Vcc = IVlax, 0.4V < Vqut < 2.4V 

-40 


40 

juA 

•in 

TRI-STATE Input Current 

Vcc = •Vlax, 0.4V < V,n ^ 5V 

-40 


40 

juA 

•th 

Input Threshold Current 

Vcc = 5V, T,^ 

= 25°C, Ip =0juA 

100 

250 

400 

/iA 



Vcc = 5V, Ta 

= 25°C, Ip = 1 mA 

1000 

1250 

1500 


•max 

Maximum Input Driver Per Input 

Vcc r •Vlax 


15 

8 

mA 

•cc 

Supply Current 


DS1605/DS3605 


80 

115 

mA 



Vcc = •Vlax 

DS1606/DS1607 


90 

115 

mA 



DS3606/DS3607 


90 

130 

mA 




DS1608/DS3608 , 


80 

115 

mA 


Notei: "Absolute Maximurn Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply |hat the devices should be operated at these limits. The table of "Electrical Characteristics" pro- 
vides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55° C to +125°C temperature range for the DS1605, DS1606, DS1607 and 
DS1608, and across the 0°C to +70°C range for the DS3605, DS3606, DS3607 and DS3608. All typicals are given for Vqc = 5,0V, and T/y = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless othervvise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 



ac electrical characteristics Unless otherwise specified, T^'- 25°C, Vcc = 5V 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpoo Propagation Delay 

Cl = 50 pF, Rl = 800, 
Ip = 750)uA, l|N = 2 mA 

DS1605/DS3605 


15 

22 

ns 

DS1 606/D S3606 


26 

39 

ns 

DS1607/DS3607 


24 

35 

ns 

DS1608/DS3608 


20 

30 

ns 

tpQi Propagation Delay 

Cl = 50 pF, Rl = 800, 
Ip “ 750/iA, l|f>j ~ 2 mA 

DS1 605/D S3605 


15 

22 

ns 

DS1606/DS3606 


19 

29 

ns 

DS1607/DS3607 


19 

29 

ns 

DS1608/DS3608 


14 

21 

ns 

toH TRI-STATE Delays (Input/Output) 

Cl = 5pF, Rl =800, 

Ip = 750 mA, I|n = 2 mA 

DS1605/DS3605 


18 

32 

ns 

DS1606/DS3606 


18 

32 

ns 

DS1607/DS3607 


20 

35 

ns 

DS1608/DS3608 


20 

35 

ns 

tiH TRI-STATE Delays (Input/Output) 

Cl = 5 pF, Rl =800, 

Ip = 750juA, l|N = 2 mA 

DS1605/DS3605 


8 

14 

ns 

DS1606/DS3606 


8 

14 

ns 

DS1607/DS3607 


10 

18 

ns 

DS1608/DS3608 


10 

18 

ns 

tpio* TRI-STATE Delays (Input/Output) 

Cl = 50 pF, Rl =800, 
Ip = 750^A, l|(y| = 2 mA 

DS1605/DS3605 


22 

40 

ns 

DS1606/DS3606 


20 

35 

ns 

DS1607/DS3607 


45 

80 

ns 

DS1608/DS3608 


45 

80 

ns 

tni* TRI-STATE Delays (Input/Output) 

Cl = 50 pF, Rl =800, 
Ip = 750/iA, l|N = 2 mA 

DS1605/DS3605 


25 

45 

ns 

DS1606/DS3606 


26 

45 

ns 

DS1607/DS3607 


35 

60 

ns 

DS1608/DS3608 


35 

60 

ns 


*Data valid only after this delay. 


truth tables 

DS1605/DS3605 (Note 1) DS1606/DS3606 (Note 2) 


i|N 

DIS 

OUT 

X 

H 

Hi-Z 

>It 

L 

U 

<It 

L 

H 


hivi 

DIS 

OUT 

X 

H 

Hi-Z 

>'t 

L 

H 

<It 

L 

L 


DS1607/DS3607 (Note 1) 


hiM 

DIS 

OUT 

X 

H 

Hi-Z 

>It 

L 

L 

<It 

L 

H 


DS1608/DS3608 (Note 2) 


•in 

DIS 

OUT 

X 

H 

Hi-Z 

>It 

L 

H 

<1t 

L 

L 


Note 1: Non-inverting inputs 
Note 2: Inverting inputs 


DS1605/DS3605, DS1606/DS3606, DS1607/DS3607, DS1608/DS3608 






DS1605/DS3605. DS1606/DS3606, DS1607/DS3607, DS1608/DS3608 


typical performance characteristics 


Typical input Threshold vs 
Voltage at Programming Pin 


; EQUIVALENT TO PIN“ 
_ BEING OPEN 


1 2 3 4 5 

VOLTAGE AT PROGRAMMING PIN (V) 


Input Threshold vs Power Supply 
Variation 


1 

Ta = 25“C 
Ip = OPEN 

1 

7 



/ 


/ 



( 



4.5 5 5.5 

POWER SUPPLY (V) 


input Threshold vs 
Temperature 



-75 -50 -25 0 25 50 75 100 125 150 
Ta - AMBIENT TEMPERATURE fC) 


Typical Input Threshold Current vs 
Program Resistor DS3605 Series 


I VRESISTOR to Vcp 
600 1 

TYPICAL INPUT THRESHo TB^H'gS^ 

200 I'" ^ 

RESISTOR! 

0 5 10 15 20 25 30 

PROGRAM RESISTOR (kO) 


Typical Propagation Delay vs input 
Capacitance DS1605/DS3605 

' I ri rn 

_ Ip = 750 a/A 

i(N (II = 2 mA 

















Jp. 


A 

fpdl 


~ 









i 





L_ 












r 



Typical Propagation Delay vs Input 
Capacitance DS1606/DS3606 



INPUT CAPACITANCE (pF) 


50 100 150 200 250 

INPUT CAPACITANCE (pF) 


Typical Propagation Delay vs Input 
Capacitance DS1607/DS3607 


~T — 



ISOiiA 


l|N (1 
“ Vcc 

1 = 2 
= 5V 

mA 

- 









r 

L_ 




























50 100 150 200 250 

INPUT CAPACITANCE (pF) 


Typical Propagation Delay vs input 
Capacitance DS1608/DS3608 


. Ip = 750 /jA . 

I|N (II ~ 2 mA 
•Vcc“5V - 


50 100 ISO 200 250 

INPUT CAPACITANCE (pF) 




ac test circuit 



Cl <1I< i ALL DIODES ARE 1N3064 


switching time waveforms 


OUTPUT 

DS1605/DS1608 


1 mA 

1 mA-\ 

— tpin 

— 

^1.5V 

1.5 V 

^tpdo 

— 

I 

^1.5V 

1.5 V- 

/ 


equivalent circuit 


0.5V /jL_ 

rr~ / 0-5V 


LOGIC "0" / 0.5V 



TYPICAL CIRCUIT; 

ONE OF SIX SHOWN 

Note 1 ; On the DS3605 and DS3606, the disable is only connected to the output stage. On the 
DS3607 and DS3608, it is connected to both the input and output. 

Note 2; Diode 03 is used in ttie DS3607 and DS3608 only. In the DS3605 and 0S3506, the 
emitter of Q4 is connected directly to ground. 


DS1605/DS3605, DS1606/DS3606, DS1607/DS3607. DS1608/DS3608 





DS3625 


NAnONAL 

DS3625 dual high speed MOS sense amp 


Sense Amplifiers 


general description 

The DS3625 is a dual high speed MOS to TTL level 
converter. It acts as an interface level converter between 
MOS and TTL logic devices. It consists of two 1-input 
converters with common strobe input to inhibit "0" 
entry when strobe is high. It allows parallel entry when 
strobe Is low and the Internal latch Is preset by the com- 
mon preset input. TRI-STATE® output logic is imple- 
mented in this circuit to facilitate high speed time shar- 
ing of decoder-drivers, fast random-access (or sequential) 
memory arrays, etc. 


features 

■ Easily interfaces with most popular Ik and 2k 
dynamic MOS RAMs 

■ PIn-for-pin replacement for the 8T25 

■ Very low output impedance — high drive ability 

■ High Impedance output state which allows many out- 
puts to be connected to a common bus Hne 

■ Average power dissipation 110 mW per converter 


logic and connection diagrams 


IMa 

(CURRENT INPUT) 


INb 

(CURRENT INPUT) 


STROBE 


PRESET 

DISABLE 



OUTPUT A 


OUTPUT B 


Dual-ln-Line Package 



Order Number DS3625N 
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absolute maximum ratings (NoteD 


Supply Voltage 7.0V 

Input Voltage 5.5V 

Output Voltage 5.5V 

Storage Temperature Range — 65°C to 150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


operating conditions 


Supply Voltage (Vcc) 
Temperature (T/\) 


MAX UNITS 


electrical characteristics (Note 2) 


MNA' MN8 
1 IM A > I IMR 


PARAMETER 

Logical "1” Input Current 
Logical "0" Input Current 
Logical “I” Input Voltage 
Logical "0” Input Voltage 
Logical "1” Output Voltage 
Logical "0” Output Voltage 
TRI-STATE Output Current 

Logical "I” Input Current 

Logical "0” Input Current 
Supply Current 
Input Clamp Voltage 
Output Short Circuit Current 


CONDITIONS 

Vcc = Min 
Vcc = Min 

Strobe, Preset/Disable, V^c = Min 
Strobe, Preset/Disable, V^c = Min 
Vqq — Min, Iqlit ~ mA 
Vcc ~ Min, Iqut ~ mA 
Vo = 3.9V 

Vcc = Max 

Vo = O.OV 

_ V,N = 2.4V' 

vpp ~~ Max 

, V|N = 5.5V 

Vcc =Max, V,N =0.4V 

Vcc ~ Max, V (|\j (p Pj g/o ig) = 2.0V, Other Inputs — OV 
Vcc ~ Min, l|[^j == “12 mA 
Vcc = Max, Vo - OV, (Note 3) 


MIN 

TYP 

MAX 

400 





200 

2.0 





0.8 

2.8 





0.4 



100 



-100 



40 



1.0 



-1.6 



40 



1.5 

-20 


-70 


switching characteristics 


PARAMETER 

CONDITIONS 

Propagation Delay to a Logical "0" from 
Strobe to Output 

Vcc = 5.0V, Ta = 25°C 

Delay from Disable Input to High Impedance 
State (from Logical "1" Level) 

Vcc = 5.0V, Ta = 25°C 

Delay from Disable Input to High Impedance 
State (from Logical "0” Level) 

Vcc = 5.0V, Ta = 25°C 

Delay from Disable Input to Logical "1" 
Level (from High Impedance State) 

Vcc = 5.0V, Ta = 25°C 

Delay from Disable Input to Logical "0" 
Level (from High Impedance State) 

Vcc = 5.0V, Ta = 25°C 


TYP 

MAX 

17 

25 

7.0 

11 

17 

25 

9.0 

14 

13.5 

16 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range. All typicals are given for Vqq==5.0V, T^ - 25° C. 

Note 3: Only one output at a time should be shorted. 


DS3625 



DS3651, DS3653 


Sen^e Amplifiers 

Advance Information* 


NATIONAL 

DS3651, DS3653 quad high speed MOS sense amplifier^ 
general description features 

The DS3651 and DS3653 are TTL compatible high speed ■ High speed 
circuits intended for sensing in a broad range of MOS 

memory system applications. Switching speeds have been " compatible 

enhanced over conventional sense amplifiers by applica- Bit ‘f 't 

tion of Schottky technology, and. TRI-STATE® strobing sensi ivi y 

is incorporated offering a high impedance output state , TRI-STATE outputs for hi< 
for bused organization.. 


The DS3651 has active pull-up outputs, and the DS3653 
offers open collector outputs providing implied "AND" 
operations. 


featu res 

■ High speed 15ns(typ) 

■ TTL compatible 

■ Input sensitivity ±7 mV 

■ TRI-STATE outputs for high speed buses 

■ Standard supply voltages ±5V 

■ Pin and function compatible with MC3430 and 
MC3432 


connection diagram 


Dual-In-Line Package 


OUTD +IND -INO 

111 lid 1 9 


NA OUT A STB OUT C +IN C -INC 
TOP VIEW 

Order Number DS3651J, DS3651N, 
DS3653J or DS3653N 


typical applications 


truth table 



V,D 

>+7.0 mV 

Ta 

* b°C to +70°C 

-7.C 

)mV< V|D <+7.0mV 

Ta 

= 0°C to +70°C 

V,D 

<-7.0 mV 

Ta 

= 0°C to +70°C 


L = Low logic state 
H = High logic state 
Open = TR I -STATE 
X = Indeterminate State 



A Typical MOS Memory Seiising Application for a 4k word by 4-bit 
mernory arrangement employing 1103 type memory devices 


Ik WORD 
MOS MEMORY 


IkWORD 
MOS MEMORY 


IkWORD 
MOS MEMORY 


IkWORD 
MOS MEMORY 


IkWORD 
MOS MEMORY 


IkWORD 
MOS MEMORY 


IkWORD 
MOS MEMORY 


IkWORD 
MOS MEMORY 


IkWORD 
MOS MEMORY 


IkWORD 
MOS MEMORY 


IkWORD 
’ MOS MEMORY 


IkWORD 
MOS MEMORY 


Note: Only four devices are required for a 4k 
word by IB-bit memory system. 


IkWORD 

MOSMEMORY 


^Specifications may change 
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absolute maximum ratings 

(Note 1) 


operating conditions 

(Ta = 0°C to +70°C unless otherwise noted.) 


Power Supply Voltages 

vcc 

Vee 

Differential-Mode Input Signal Voltage 
Range, V|dr 

Common-Mode Input Voltage Range, V|CR 
Strobe Input Voltage, V|(s) 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


Power Supply Voltages 

Vcc 

Vee 

Output Load Current, Iql 
D ifferential-Mode Input 
Voltage Range, V|qr 
C ommon-Mode Input 
Voltage Range, V|qr 
I nput Voltage Range (any 
input to GND), V|r 

electrical characteristics operating Temperature Range 

(Vcc “ ■^S.O Vdc» Vee = -5.0 Vqc» ~ to +70°C unless otherwise noted.) (Notes 2 and 3) 


±7.0 Vdc 
±7.0 Vdc 

±6.0 Vdc 

±5.0 Vdc 
5.5 Vdc 
-65°Cto +150°C 
300° C 


MIN 

MAX 

UNITS 

+4.75 

+5.25 

Vdc 

-4.75 

-5.25 

Vdc 


16 

mA 

-5.0 

+5.0 

Vdc 

-3.0 

+3.0 

Vdc 

-5.0 

+3.0 

Vdc 

0 

+70 

°c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|s Input Sensitivity , (Note 5) 

(Common-Mode Voltage Range = 
-3.0V <V,N <3.0V) 

4.75 < Vec < 5.25V 
-4.75 >Vee > -5.25V 



±7.0 

mV 

V|o Input Offset Voltage 



2 


mV 

1(6 Input Bias Current 

Vec = 5.25V, Vee = -5‘.25V 




MA 

lio Input Offset Current 



1 


juA 

ViL(s) Strobe Input Voltage (Low State) 




0.8 

V 

V|H(S) Strobe Input Voltage (High State) 


2 



V 

liL(s) Strobe Current (Low State) 

Vec = 5.25V, Vee =~5.25V, V,n = 0.4V 



-1.6 

mA 

liH(s) Strobe Current (High State) 

Vec = 5.25V, 
Vee = -5.25V 

V,N = 2.4V 
V,N = 5.25V 



I i 

40 

1 

/iA 

mA 

Vqh Output Voltage (High State) 

Vec = 4.75V, 
Vee = -4.75V 

Iq =-400mA 

DS3651 

m 

■1 


V 

Vql Output Voltage (Low State) 

Vec = 4.75V 
Vee = -4.75V 

Iq - 16 mA 



0.4 

V 

IcEx Output Leakage Current 

Vec = 4.75V, 
Vee = -4.75V 

Vq = 5.25V 

DS3652 



niiiii^iiii 

HA 

Iqs Output Current Short Circuit 

Vec = 5.25V, Vee = -5.25V 
(Note 4) 

DS3651 



mmn 

mA 

Iqff Output Disable Leakage Current 

Vec = 5.25V, Vee = “5.25V 

DS3651 



40 

iuA 

Ice High Logic Level Supply Current 

Vec = 5.25V, Vee = “5.25V 


45 

60 

mA 

I EE High Logic Level Supply Current 

Vec = 5.25V, Vee = “5.25V 


-17 

-30 

mA 


switching characteristics (Vcc =+ 5 . 0 Vdc, VEE=~ 5 . 0 VDCr Ta = +25°c unless otherwise noted.) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

IPHL(D) 

High-to-Low Logic Level Propagation 

5.0 mV + V|s, (Figure 3) 

DS3651 


10 


ns 


Delay Time (Differential Inputs) 

DS3653 


12 


ns 

tpLH(D) 

Low-to-High Logic Level Propagation 

5.0 mV + V|s, (Figure 3) 

DS3651 


15 


ns 


Delay Time (Differential Inputs) 

DS3653 

bhh 

18 


ns 

fpOH(S) 

TRI-STATE to High Logic Level 
Propagation Delay Time (Strobe) 

(Figure 1) 

DS3651 

■ 

8 


ns 

IPHO(S) 

High Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 

(Figure 1) 



8 


ns 

IPOL(S) 

TRI-STATE to Low Logic Level 
Propagation Delay Time (Strobe) 

(Figure 1) 





ns 

IPLO(S) 

Low Logic Level to TRI-STATE 
Propagation Delay Time (Strobe) 

(Figure 1) 

DS3651 

■1 



ns 

IPHL(S) 

High-to-Low Logic Level 

(Figure 2) 

. DS3651 


7 


ns 


Propagation Delay Time (Strobe) 

DS3653 


8 

i 

ns 

tPLH(S) 

Low-to-High Logic Level 

(Figure 2} 

DS3651 


7 


ns 


Propagation Delay Time (Strobe) 

DS3653 


8 


ns 


DS3651, DS3653 
















































DS3651, DS3653 


notes 

Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS3651 and DS3653. All typical values are for 
Ta = 25°C, Vcc = 5V, and Vee = ~5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise notefd. 
All values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. ,s 

Note 5: A parameter which is of primary concern when designing with sense amplifiers is, what is the minimum differential input voltage required 
at the sense amplifier input terminals to guarantee a given output logic state. This parameter is commonly referred to as threshold voltage. It Is 
well known that design considerations of threshold voltage are plagued by input offset currents, bias currents, network source resistances, and 
voltage gain. As a design convenience, the DS3651 and DS3653 are specified to a parameter called input sensitivity (V|s) This parameter takes 
into consideration input offset currents and bias currents, and guarantees a minimum input differential voltage to cause a given output logic state 
with respect to a maximum source impedance of 200 ohms at each input. 

ac test circuits and switching time waveforms 




VI 

V2 

SI 

S2 

Cl 

1pLO(S) 

100 mV 

GND 

Closed 

Closed 

15 pF 

1P0L(S) 

100 mV 

GND . 

Closed 

Open 

50 pF 

tpfHO(S) 

GND 

100 mV 

Closed 

Closed 

15 pF 

1pOH(S) 

GND 

100 mV 

Open 

Closed 

50 pF 


C|_ includes jig and probe capacitance. 

E||\j waveform characteristics; tjLH 3<^d tj^L < 10 ns 
measured 10% to 90%. 

PRR = 1.0 MHz 
Duty Cycle = 50% 


Note: Output of Channel B shown under test, other channels are tested similarly. 






FIGURE 1. Strobe Propagation Delay Times tpLO(S). *POL(S)» ^PHL(S) *POH{S) 




Note: E|m waveform characteristics: 

*Ti.H atd trHL < 10 ns measured 10% to 
PRR~1.0MHz“ 

Duty Cycle = 500 ns 


Note: Output of Channel B shown under test, other channels are tested similarly. 


FIGURE 2. Strobe Propagation Delay tp|_H{S) tpHiL(S) 
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ac test circuits and switching time waveforms (con t) 



Note; Output of Channel B shown under test, other channels are tested similarly. 
SI at "A" for OS3653 Cl = 15 pF total for DS3653 

SI at "B" for DS3651 Cl = 50 pF total for DS3651 


FIGURE 3. Differential Input Propagation Delay tpi_H(D) ^PHL(D) 


schematic diagrams 




DS3651, DS3653 







DS3651, DS3653 
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Sense Amplifiers 


DS5520/DS7520, DS5520A/DS7520A series 
dual core memory sense amplifiers 
general description 


The devices in this series of dual core sense 
amplifiers convert bipolar millivolt-level memory 
sense signals to saturated logic levels. The design 
employs a common reference input which allows 
the input threshold voltage level of both amplifiers 
to be adjusted. Separate strobe inputs provide time 
discrimination for each channel. Logic inputs and 
outputs are DTL/TTL compatible. All devices of 
the series have identical preamplifier configura- 
tions, while various logic connections are provided 
to suit the specific application. 

The DS5520/DS7520 has output latch capability 
and provides sense, strobe, and memory function 
for two sense lines. The DS5522/DS7522 con- 
tains a single open collector output which may be 
used to expand the number of inputs of the 
DS5520/DS7520, or to drive an external Memory 
Data Register (MDR). Intended for small memo- 
ries, the two channels of the DS5524/DS7524 are 
independent with two separate outputs. The 
DS5534/DS7534 is similar to the DS5524/ 
DS7524 but has uncommitted, wire-ORable out- 
puts. The DS5528/DS7528 has the same logic 
configuration of the DS5524/DS7524 and in 
addition provides separate low impedance Test 
Points at each preamplifier output. A similar 
device having uncommitted, wire-ORable outputs 
is the DS5538/DS7538. 

features 

■ Highspeed 

■ Guaranteed narrow threshold uncertainty over 
temperature 


■ Adjustable Input threshold voltage 

■ Fast overload recovery times 

■ Two amplifiers per package 

■ Molded or cavity dual-in-line package 

■ Six logic configurations 

Part numbers ending with an even number fol- 
lowed by an "A” (e.g., DS5520A) correspond to 
a very tight input threshold of ±2 mV. Part num- 
bers ending with an even number (DS5520) 
correspond to an input threshold of ±4 mV. Part 
numbers ending with an odd number (e.g., 
DS5521) correspond to an input threshold of 
±8 mV. The remaining specifications for the three 
are identical. All devices meet or exceed the speci- 
fications for the corresponding device (where 
applicable) in the SN5520/SN7520 series and are 
pin-for-pin replacements. 

Because these devices are duals that contain an 
internal regulator, care must be exercised in testing 
to insure that while one half is being tested, the 
other Inputs must be grounded or connected to 
a signal that is within the input range of the device. 

absolute maximum ratings 

Supply Voltage ±7V 

Differential or Reference Input Voltage ±5V 

Logic Input Voltage 5.5V 

Operating Temperature Range 

DS55XX -55°C to -H25°C 

DS75XX 0°Cto-i-70°C 

Storage Temperature Range -65° C to -M50'^C 


typical application 



Expanded Small Memory System 
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DS5520/DS7520, DS5520A/DS7520A series 



DS5520/DS7520, DS5520A/DS7520A series 


DS5520/DS7520, DS5520A/DS7520A and DS5521/DS7521 


electrical characteristics 

PS5520/DS5520A, DS5521 : The following apply for -55°C < < +1 25°C 

DS7520/DS7520A, DS7521 ; The following apply for 0°C < T^ < +70°C 


PARAMETER 

CONDITIONS 1 

MIN 

1 TYP 

MAX 

UNITS 

V-TH Differential Input Threshold 

Voltage 

Vcc ^±5.0V 
(Note 4) 

Vfief = 15mV 

DS5520/DS7520 

11 

I 

15 

19 

mV 

DS5520A/DS7520A 

13 

15 

17 

mV 

DS6521/DS7521 

8 

15 

22 

mV 

Vfief =40 mV 

DS5520/DS7520 

36 

40 

44 

mV 

DS5520A/DS7520A 

38 

40 

42 

mV 

DS5521/DS7521 

33 

40 

47 

mV 

•bias Differential and Reference 
Input Bias Current 

Vcc = ±5.25V, V,M = OV 

DS5520/DS5520A, DS5521 


30 

100 

juA 

DS7520/DS7520A, DS7521 


30 

75 

jiiA 

Iqs Differential Input Offset 

Current 

Vcc = ±5.25V Vd.ff = OV, V,n - OV 


0.5 


ma 

V|H Logical "1" Input Voltage 


2 



V 

I|H Logical "r' Input Current 

Strobe, Gate Inputs 

Vcc = ^5.25V 

V,^,=2.4V 


5 

40 

mA 

V,N = 5.5V 



1 

mA 

V,L Logical "0" Input Voltage 




0.8 

V 

liL Logical “O” Input Current, 

Strobe, Gate Inputs 

Vcc = ±5.25V, V,N = 0.4V 


-1 

-1.6 

mA 

Vco Inpbt Clamp Voltage 

• IN “ 2 m A 



-1.5 

V 

VoH Logical "1" Output Voltage 

Vcc = ±4.75V, Iq = ~400juA 

2.4 

3.9 


V 

Isc Output Short Circuit Current 

Vcc = ±5.25V, Vo = OV 

Q Output 

-3 

-4 

-5 

mA 

Q Output 

-2.1 

-2.8 

-3.5 

mA 

Vql Logical "O” Output Voltage 

Vcc =±4.75V, lo = 16 mA 


0.25 

0.4 

V 

IcEX Output Leakage Current 

Vo = 5.25V 



250 

UA 

•cc+ Supply Current 

Vcc = ±5.25V 

i 

21 

35 

mA 

•cc“ Supply Current 

Vcc = ±5.25V 


-13 

-18 

mA 


Note 1: For 0°C < T^ < +70°C operation, electrical characteristics for DS5520/DS5520A and DS5521 are guaranteed the same as DS7520/ 
DS7520A, and DS7521, respectively. 

Note 2; Positive current is defined as current Into the referenced pin. 

Note 3: Pin 1 to have > 100 pF capacitor connected to ground. 

Note 4: For minimum V-yn, logic output is < 0.4V at 16 mA. For maximum Vjh logic output is > 2.4V at -400AtA. 


1 
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DS5520/DS7520, DS5520A/DS7520A and DS5521/DS7521 


switching characteristics 

= 5.0V, V" = -5.0V, Ta = 25°C 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

^pdl 

Differential Input to 

Vrep = 20 mV, ac Test Circuit 1 

Q Output 


20 

40 

ns 


Logical "1" 

Q Output 


36 


ns 

tpdO 

Differential Input to 

Vrep =20 mA, ac Test Circuit 1 

Q Output 


28 


ns 

Logical "0” 

Q Output 


28 

55 

ns 

Ipdl 

Strobe Input to 

Vref = 20 mA, ac Test Circuit 1 

Q Output 


10 

30 

ns 

Logical "1 " 

Q Output 


33 


ns 

tpdO 

Strobe Input to 

Vref “ 20 mA, ac Test Circuit 1 

Q Output 


20 


ns 


Logical “O” 

Q Output 


16 

55 

ns 

fpdl 

Gate Q Input to 

Vref = 20 mV, ac Test Circuit 2 

Q Output 


12 


ns 

Logical "1” 

Q Output 


17 

20 

ns 

IpdO 

Gate Q Input to 

Vref 20 mV, ac Test Circuit 2 

Q Output 


6 


ns 

Logical "0" 

Q Output 


19 

30 

ns 

^pdl 

Gate Q Input to 
Logical "1" 

Vref 20 mV, ac Test Circuit 2, Q Output 


12 


ns 

^pdO 

Gate Q Input to 
Logical "0" 

Vref 20 mV, ac Test Circuit 2, Q Output 


6 

■ 1 

20 

ns 

toR 

Differential Input Overload 
Recovery Time 

Vref 20 mV, ac Test Circuit 2 


10 


ns 

tcMR 

Common-Mode Input Overload 
Recovery Time 

Vref = 20 mV, ac Test Circuit 2 


5 


ns 

■^CY 

Minimum Cycle Time 

Vref = 20 mV, ac Test Circuit 2 


200 


ns 

VcM 

AC Common-Mode Input . 
Firing Voltage 

Pulse 


±2.5 


V 


Note 1: For 0°C < T/\ < +70°C operation, electrical characteristics for DS5520/DS5520A and DS5521 are guaranteed the same as DS7520/ 
DS7520A, and DS7521, respectively. 

Note 2: Positive current is defined as current into the referenced pin. 

Note 3: Pin 1 to have > 100 pF capacitor connected to ground. 

Note 4: For minimum Vjh» logic output is < 0.4V at 16 mA. For maximum V-j-|_| logic output is > 2.4V at -400)uA. 



5-15 


DS5520/DS7520, DS5520A/DS7520A series 



DS5520/DS7520, DS5520A/DS7520A series 





DS5520/DS7520, DS5520A/DS7520A and DS5521/DS7521 
AC test circuit (1) 


DIFFERENTIAL STROBE 

INFUT INBUT W* - SW 



voltage waveforms (1) 



1. Pulse generator characteristics: 

ZouT = 50< >, t, = t, = 15 ' S ns, PRR = 1 MHz 

2. Propagation delays: 

A = Differential input to logical "1" output Q 
B = Differential input to logical "0" output Q 
C = Differential input to logical "0" output Q 
0 = Differential input to logical “1" output Q 
E = Strobe input to logical “1" output Q 
F - Strobe input to logical "0" output Q 
G = Strobe input to logical "0" output Q 
H = Strobe input to logical "1" output (1 


AC test circuit (2) 


voltage waveforms (2) 






DS5520/PS7520, DS5520A/DS7520A series 


DS5522/DS7522, DS5522A/DS7522A and DS5523/DS7523 
electrical characteristics 

DS5522/DS5522A, DS5523: The following apply for -55°C < < +1 25^’C 

DS7522/DS7522A, DS7523: The following apply for 0°C < < +70°C 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vth Differential Input Threshold 

Voltage 

Vcc = ±5.0V 
(Note 4) 

VREF = 15mV 

DS5522/DS7522 

11 

15 

19 

mV 

DS5522A/DS7^2A 

13 

15 

17 

mV 

DS5523/DS7523 

8 

15 

22 

mV 

Vref =40 mV 

DS5522/DS7522 

36 

40 

44 

mV 

DS5522A/DS7522A 

38 

40 

42 

mV 

DS5523/DS7523 

33 

40 

47 

mV 

•bias Differential and Reference 
Input Bias Current 

Vcc = ±5.25V, V,N = OV 

DS5522/DS5522A, DS5523 


30 

100 

iuA 

DS7522/DS7522A, DS7523 


30 

75 

ma 

Iqs Differential Input Offset 

Current 

Vcc = ±5.25V Vdiff = OV, V,n = OV 


0.5 


■ 

V|H Logical "1" Input Voltage 


2 




l|H Logical "1" Input Current 

Strobe, Gate inputs 

Vcc = ±5.25V 

V,n=2.4V 


5 

40 

juA 

V,N = 5.5V 



1 

mA 

V|L Logical “0" Input Voltage 




0.8 

V 

l,L Logical "0" Input Current, 

Strobe, Gate Inputs 

Vcc = ±5.25V, V,n = 0.4V 

■ 

m 

-1.6 

mA 

VcD Input Clamp Voltage 

• IN ^ 



-1.5 

V 

Vqh Logical "1" Output Voltage 

Vcc = ±4.75V, Iq = -400/iA 

2.4 

3.9 


V 

Igc Output Short Circuit Current 

Vcc = ±5.25V, Vo = OV 


mm 

Hgll 

mA 

Vql Logical “0" Output Voltage 

Vcc = 4:4.75V, lo = 16 mA 


0.25 

0.4 

V 

•cEX Output Leakage Current 

Vo = 5.25V 



250 

fiA 

•cc+ Supply Current 

Vcc = ±5.25V ( 


23 

36 

mA 

•cc~ Supply Current 

Vcc = ±5.25V 


-13 

-18 

mA 

switching characteristics 

The following apply for Ta = 25° C, V*" = 5.0V, V“ = -5.0V 

PARAMETER 

CONDITIONS 

MIN 1 

TYP 

MAX 

UNITS 

tpdi Differential Input to 

Logical "1" Output 

AC Test Circuit 

IB 

26 


ns 

tpdi Strobe Input to 

Logical "1" Output 

AC Test Circuit 

■ 

22 


ns 

tpdi Gate Input to 

Logical "1" Output 

Vcc = ±5.0V, AC Test Circuit 


4 


ns 

tpdo Differential Input to 

Logical "0" Output 

AC Test Circuit 

■ 

21 

45 

ns 

tpdo Strobe Input to 

Logical "0" Output 

AC Test Circuit 

■ 

12 

40 

ns 

tpdo Gate Input to 

Logical "0" Output 

AC Test Circuit 


15 

25 

ns 

toR Differential Input Overload 

Recovery Time 



10 


ns 

tcMR Common-Mode Input Overload 
Recovery Time ^ 



5 


ns 

tcY Minimum Cycle Time 



200 


ns 

VcM AC Common-Mode Input 

Firing Voltage 

Pulse 




V 

Note 1: For 0°C < Ta < +70°C operation, electrical characteristics for DS5522/DS5522A and OS5523 are guaranteed the same as DS7522/ 
DS7522A and DS7523, respectively. 

Note 2: Positive current is defined as current into the referenced pin. 

Note 3: Pin 1 to have > 100 pF capacitor connected to ground. 

Note 4: For min Vjh, logic output Is > 2.4 V at -400 mA. For max Vjh, logic output is < 0.4V at 16 mA. 
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DS5524/DS7524, DS5524A/DS7524A and DS5525/DS7525 
electrical characteristics 

DS5524/DS5524A, DS5525: The following apply for~55°C< < +125°C 

DS7524/DS7524A, DS7525; The following apply for 0°C < T^ < +70®C 


-- 

PARAMETER 

c CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vth 

Differential Input Threshold 



DS5524/DS7524 

11 

15 

19 

mV 


Voltage 


VREF = 15mV 

DS5524A/DS7524A 

13 

15 

17 

mV 



Vcc = ±5.0V 


DS5525/DS7525 

8 

15 

22 

mV 



(Note 4) 


DS5524/DS7524 

36 

40 

44 

mV 




Vref =40^V 

DS5524A/DS7524A 

38 

40 

42 

mV 





DS5525/DS7525 

33 

40 

47 

mV 

Ibias 

Differential and Reference 

Vcc = ±5. 25 V, 

< 

2 

O 

< 

DS5524/DS5524A, DS5525 


30 

100 

ma 


Input Bias Current 

DS7524/DS7524A, DS7525 


30 

75 

ma 

Iqs 

Differential Input Offset 

Vcc = ±5.25V 

Vd,ff-0V, V,N=0V 1 

■jHIH 

0.5 


ma 


Current 




mil 




V,H 

Logical "1" Input Voltage 


2 



V 

l|H 

Logical "1" Input Current 

Vcc = ±5.25V 

V,M = 2.4V 


5 

40 



Strobe, Gate Inputs 

V,N = 5.5V 



1 


V,L 

Logical "0" Input Voltage 




0.8 

V 

l|L 

Logical "0" Input Current, 
Strobe, Gate Inputs 

Vcc = ±5.25V, 

V,N = 0.4V 



“1 

-1.6 

mA 

VcD 

Input Clamp Voltage 

1 hw ~ ^ ^ mA j 



-1.5 

V 

Vqh 

Logical "1" Output Voltage 

1 Vcc = i4.75V, 

lo - -400 mA 


24 

3.9 


V 

Isc 

Output Short Circuit Current 

1 Vcc = ±5.25V, Vo =0V 1 

-2.1 

-2.8 

IIIIIIIQ^IIII^ 

mA 

VoL 

Logical "O" Output Voltage 

1 Vcc * ±4.75V, 

Iq “ 16 mA 



0.25 

0.4 

V 

lcc+ 

V"^ Supply Current 

Vcc = ±5.25V 


29 

40 

mA 

lcc~ 

V“ Supply Current 

Vcc=±5.25V 


-13 

-18 

mA 


switching characteristics 

The following apply for Ta - 25° = 5.0V, V~ = —5.0V 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

fpdl 

Differential Input to 
Logical "1" Output 

AC Test Circuit 

llllll 

20 

40 

ns 

fpdl 

Strobe Input to 
Logical "1" Output 

AC Test Circuit " ' 


10 

30 

ns 

fpdO 

Differential Input to 
Logical "0" Output 

Vcc ~ ±5.0V, AC Test Circuit 


28 


ns 

tpdO 

Strobe Input to 
Logical "0" Output 

AC Test Circuit 


20 


ns 

foR 

Differential Input Overload 
Recovery Time 


■ 

10 


ns 

tCMR 

Common-Mode Input Overload 
Recovery Time 


■ 

5 . 


ns 

tcY 

Minimum Cycle Time 



200 


ns 

VcM 

AC Common-Mode Input 
Firing Voltage 

Pulse 


±2.5 


V 


Note 1: For O^C < T/\ < +70°C operation, electrical characteristics for DS5524/DS5524A and DS5525 are guaranteed the same as DS7524/ 
DS7524A and DS7 525 respectively. 

Note 2: Positive current is defined as current into the referenced pin. 

Note 3: Pin 1 to have > 100 pF capacitor connected to ground. 

Note 4: For min Vth* l°9ic output is < 0.4V at 16 mA. For maxy-rn, logic output is > 2.4V at -400 m A. 
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DS5524/DS7524, DS5524A/DS7524A and DS5525/DS7525 


schematic diagram 


connection diagram 



AC test circuit 


OlfftfitNTIAl STROBE 

INPUT input 



V" = -5V 


voltage waveforms 



1. Pulse generator characteristics; 

ZouT = 50n, t, = t, = 15 ±5 ns, PRR = 1 MHz 

2. Propagation delays: 

A = Differential input to logical "1" output 
B = Differential input to logical "0" output 
C = Strobe input to logical "1" output 
D = Strobe input to logical "0" output 
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DS5520/DS7520, DS5520A/DS7520A series 



DS5520/DS7520, DS5520A/DS7520A series 


DS5528/DS7528, DS5528A/DS7528A and DS5529/DS7529 
electrical characteristics 

DS5528/DS5528A, DS5529; The following apply for -55°C < < +1 25°C 

DS7528/DS7528A, DS7529: The following apply for 0°C < T^ < +70°C 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VfH Differential Input Threshold 

Voltage 

Vcc = ±5.0V 
(Note 5) 

VREF = 15mV 

DS5528/DS7528 

11 

15 

19 

mV 

DS5528A/DS7528A 

13 

15 

17 

mV 

DS5529/DS7529 

8 

15 

22 

mV 

Vref =40mV 

DS5528/DS7528 

36 

40 

44 

mV 

DS5528A/DS7528A 

38 

40 

42 

mV 

DS5529/DS7529 

33 

40 

47 

mV 

Ibias Differential and Reference 
Input Bias Current 

Vcc = ±5.25V, V,N = OV 

DS5528/DS5528A, DS5529 


30 

100 

fxA 

DS7528/DS7528A, DS7529 


30 

75 

juA 

Iqs Differential Input Offset 

Current 

Vcc = ±5.25V Vdiff = OV, V.^ = OV 

!■ 

0.5 


juA 

V|H Logical "1" Input Voltage 


2 



V 

I|H Logicar'1” Input Current 

Strobe, Gate Inputs 

Vcc = ±5.25V 

V,N = 2.4V 


5 


miQiii 

V,n=5.5V 



1 

mmi 

V|L Logical "0" Input Voltage 




0.8 

V 

I|L Logical "0" Input Current, 

Strobe, Gate Inputs 

Vcc = ±5.25V, V,N = 0.4V 

!■ 

■ 

-1.6 

mA 

VcD Input Clamp Voltage 

1 IN = ~1 2 m A 



-1.5 

WSM 

Vqh Logical ” 1 " Output Voltage 

Vcc = ±4.75V, Iq = -400juA 

2.4 

3.9 


■1 

•sc Output Short Circuit Current 

Vcc = ±5.25V, Vo = OV 

-2.1 

-2.8 

-3.5 

mA 

Vql Logical "0" Output Voltage 

Ycc =±4.75V, Iq = 16 mA 


0.25 

0.4 

V 

lcc+ V*” Supply Current 

Vcc = ±5.25V 


29 

40 

mA 

•cc" Supply Current 

Vcc = ±5.25V 


-13 

-18 

mA 

switching characteristics 

The following apply for = 25°C, = 5.0V, V~ = —5.0V 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdi Differential Input to 

Logical "1" Output 

AC Test Circuit 


20 

40 

ns 

tpdi Strobe Input to 

Logical "1" Output 

AC Test Circuit 

\ 

10 

30 

ns 

tpdo Differential Input to 

Logical "0” Output 

Vcc == ±5.0V, AC Test Circuit 


28 


ns 

tpdO Strobe Input to 

Logical "0" Output 

AC Test Circuit 


20 


ns 

toR Differential Input Overload 

Recovery Time 



10 


ns 

tcMR Common-Mode Input Overload 
Recovery Time 



5 • 


ns 

tcY Minimum Cycle Time 



200 


ns 

VcM AC Common-Mode Input 

Firing Voltage 

Pulse 


nn 


V 

iSlote 1: For 0°C < T/\ <+70°C operation, electrical characteristics for DS5528/DS5528A and DS5529 are guaranteed the same as DS7528/ 
DS7528A and DS7529 respectively. 

Note 2: Positive current is defined as current into the referenced pin. 

Note 3: Pin 1 to have > 100 pF capacitor connected to ground. 

Note 4: Each test point to have < 1 5 pF capacitive load to ground. 

Note 5: For min Vj^, logic output is < 0.4V at 16 mA. For max Vj|-j, logic output is > 2.4V at -400juA. 
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DS5528/DS7528, DS5528A/DS7528A and DS5529/DS7529 


schematic diagram 


connection diagram 



AC test circuit 



voltage waveforms 



1. Pulse generator characteristics: 

ZouT = t, = t, = 1 5 i5 ns, PRR = 1 WIHz 

2. Propagation delays: 

A = Differential input to logical "1 '' output 
B = Differential input to logical "0" output 
C = Strobe input to logical "1" output 
D = Strobe input to logical "0” output 
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DS5520/DS7520, DS5520A/DS7520A series 




DS5520/DS7520. DS5520A/DS7520A series 


DS5534/DS7534, DS5534A/DS7534A and DS5535/DS7535 
electrical characteristics 


DS5534/DS5534A, DS5535: 
DS7534/DS7534A, DS7535; 


PARAMETER 


The following apply for -55°C < < +1 25°C 

The following apply for 0°C < T^ < +70°C 


Differential Input Threshold 
Voltage 

Vcc = ±5.0V 

VREp = 15mV 


(Note 4) 

VREF=40mV 

Differential and Reference 

Vcc = ±5.25V, 

< 

2 

O 

< 

Input Bias Current 


Differential input Offset 
Current 


Logical 1 Input Voltage 


Logical "I” Input Current 
Strobe, Gate Inputs 
Logical "0" input Voltage 
Logical "0" Input Current, 
Strobe, Gate Inputs 
Input Clamp Voltage 
Logical “0” Output Voltage 
Output Leakage Current 
V"^ Supply Current 
V~ Supply Current 


CONDITIONS 


DS5534/DS7534 

= 1 5 m V DS5534A/DS7534A 

DS5535/DS7535 

DS5534/DS7534 
= 40 mV DS5534A/DS7534A 
DS5535/DS7535 

bS5534/DS5534A, DS5535 

ov 

DS7534/DS7534A, DS7535 



V,M = 2.4V 

Vcc = ±5.25V l! 

^ V,N = 5.5V 

Vcc = ±5.25V, V,n = 0.4V 
I i(\j ~ ~1 2 m A 

Vcc = ±4.75V, Iq = 16 mA 
Vo = 5.25V 
Vcc - ±5.25V 
Vrr = ±5.25V 



28 

38 

-13 

-18 


switching characteristics 

The following apply for Ta = 25° C, = 5.0V, V~ = -5.0V 


fpdl 

Differential Input to 
Logical "1” Output 

l^pdl 

Strobe Input to 
Logical “V Output 

fpdO 

Differential Input to 
Logical "0” Output 

fpdO 

Strobe Input to 
Logical "0” Output 

toR 

Differential Input Overload 
Recovery Time 

fcMR 

Common-Mode Input Overload 
Recovery Time 

tcY 

Minimum Cycle Time 

VcM 

AC Common-Mode Input 
Firing Voltage 


CONDITIONS 


AC Test Circuit 


AC Test Circuit 


Vcc ~ ±5.0V, AC Test Circuit 


MIN TYP 




AC Test Circuit 


MAX UNITS 



Note 1: For 0°C < T/\ < +70°C operation* electrical characteristics for DS5534/DS5534A and DS5535 are guaranteed the same as DS7534/ 
DS7534A and DS7535, respectively. 

Note 2: Positive current is defined as current into the referenced pin. 

Note 3: Pin 1 to have > 100 pF capacitor connected to ground. 

Note 4: For min Vjh* logic output is < 250uA at 5.25V, For max Vjh, logic output Is < 0.4V at 20 mA. 
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DS5534/DS7534, DS5534A/DS7534A and DS5535/DS7535 


schematic diagram 


connection diagram 


Duai-ln-Line Package 

STROBE OUTPUT OUTPUT STROBE NO 




Order Number DS5534J, DS5534AJ, DS5535J. 
DS7534J, DS7534AJ, DS7535J, DS7534N, 
DS7534AN or DS7535N 


AC test circuit 


voltage waveforms 



1. Pulse generator characteristics: 

ZouT = 50<-2, t, = t, = 1 5 ' 5 ns, PRR = 1 MHz 

2. Propagation delays: 

A = Differential input to logical "0" output 
B = Differential input to logical "1" output 
C = Strobe input to logical "0" output 
D = Strobe input to logical "1 " output 


DS5520/DS7520, DS5520A/DS7520A series 





DS5520/DS7520. DS5520A/DS7520A series 


DS5538/DS7538, DS5538A/DS7538A and DS5539/DS7539 
electrical characteristics 


DS5538/DS5538A, DS5539; 
DS7538/DS7538A, DS7539: 


PARAiyiETER - 


Differential Input Threshold 
Voltage 


Differential and Reference 
Input Bias Current 
Differential Input Offset 
Current 


Logical "1" Input Voltage 

Logical "1" Input Current 
Strobe, Gate Inputs 
Logical "0" Input Voltage 
Logical "0" Input Current, 
Strobe, Gate Inputs 
Input Clamp Voltage 
Logical "0" Output Voltage 


The following apply for -55°C < Ta < +125 C 
The following apply for 0°C < T^ < +70°C 


•cEX 

Output Leakage Current^ 

lcc+ 

V^ Supply Current 

•cc“ 

V~ Supply Current 


I ifyj — 12 m A 

Vcc =±4.75V, lo = 16 mA 

liiv 

±5. 25 V 


Vrr = ±5.25V 


MAX UNITS 





switching characteristics 

The following apply for Ta = 25°C, = 5.GV, V~ = -5.0V 


PARAMETER 

^pdl 

Differential Input to 
Logical "1" Output 

^pdl 

Strobe Input to 
Logical "I” Output 

tpdO 

Differential Input to 
Logical ”0'' Output 

^pdO 

Strobe Input to 
Logical "0" Output 

■^DR 

Differential Input Overload 
Recovery Time 

tCMR 

Common-Mode Input Overload 
Recovery Time 

tCY 

Minimum Cycle Time 

^CM 

AC Common-Mode Input 
Firing Voltage 


CONDITIONS 


AC Test Circuit 


AC Test Circuit 


Vcc ~ ±5.0V, AC Test Circuit 


AC Test Circuit 


MAX UNITS 



Note 1: For 0°C < Ta <+70°C operation, electrical characteristics for DS5538/DS5538A and DS5539 are guaranteed the sarne as DS7538/ 
DS7538A and DS7539 respectively. 

Note 2: Positive current is defined as current into the referenced pin. 

Note 3: Pin 1 to have > 100 pF capacitor connected to ground. 

Note 4: Each test point to have < 15 pF capacitive load to ground. 

Note 5: For min Vj^, logic output is < 250juA at 5.25V. For max Vy|_|, logic output is < 0.4V at 20 mA. 
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DS5538/DS7538, DS5538A/DS7538A and DS5539/DS7539 


schematic diagram 


connection diagram 



Dual-ln-Line Package 


POIMT STROBE OUTPUT OUTPUT STROBE POIN' 



Order Number DS5538J, DS5538AJ, DS5539J 
DS7538J, DS7538AJ, DS7539J, DS7538N, 
DS7538AN or DS7539N 


AC test circuit 


voltage waveforms 



j.... 

T i ' 


DS5520/DS7520, DS5520A/DS7520A series 




guaranteed performance characteristics 


Differential Input Threshold 
Voltage 



IS 20 25 30 35 

REFERENCE VOLTAGE (mV) 


typical performance characteristics 


Transfer Characteristics 


T ransfer Characteristics 


Power Supply Rejection 


0SS520. 0SSS21. OS7S20, OS7S21 ( Q OUTPUT ONLV) 

. DS5524, DS5526, DS7524, DS7525 I 

0S5S28, 0S5629, OS7528. 0S7529 j 

1 \ 1 VlOAD = -409i,A. 


0SSB29. DSSS2T. DS7$20. 0S7S21 OUTPUT 08 
OS5522. OS5523. OS7522. OS7523 
0S5534, DS5535. OS7534. DS7535 ( 

DS5538, 0S8S39, DS7S38. OS7539 { “ 


REFERENCE VOLTAGE = 15 mV 
' -55°C ^Ta ^+125°C 1 1 


±5 ±10 ±15 i20 ±25 ±30 ±35 ±40 
DIFFERENTIAL INPUT VOLTAGE (mV) 


±5 ±10 ±15 ±20 ±25 ±30 ±35 ±40 
DIFFERENTIAL INPUT VOLTAGE (mV) 


Temperature Coefficient 


Differential Input Frequency 
Response 


Differential Input Bias Current 


I DIFFERENTIAL INPUT VOLTAGE » OV 
V^ = 5.25V 
V"» -5.25V 


_ REFERENCE VOLTAGE == 20 mV . 

V^ = 5.0V 1111 

" v“ = -5.0V n 


lllllillll 

lllllilllll 

■III 

illll 

llllill 

1 

illli 

lllllillll 

III 

■III 

llll■■llll 

■llllllll■lltl 

illll 

■III! 


-35 , 5.0 45 

Ta rc) 


SINUSOIDAL INPUT FREQUENCY (Hz) 


+5 +45 

Ta (°C) 
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typical performance characteristics (cont.) 


Differential Input Offset 
Current 



+5 +45 

Ta ( C) 


Power Supply Currents 



REFERENCE VOLTAGE = 20 mV 
DIFFERENTIAL INPUT VOLTAGE = OV 
ALL LOGIC INPUTS = 0V 
V^ = 5.25V 
V = -5.25V 


NEGATIVE SUPPLY CURRENT 

I 1 -I I L__J 


+5 +45 +85 

Ta (°C) 


Power Supply Currents 



REFERENCE VOLTAGE = 20 mV 
DIFFERENTIAL INPUT VOLTAGE = OV 
ALL LOGIC INPUTS = 0V 
V+ = 5.25V 
V = -5.25V 


NEGATIVE SUPPLY CURRENT 


-35 +5 +45 +85 +125 

Ta rC) 


Power Supply Currents 



-35 +5 +45 +85 +125 

Ta (°C) 


Power Supply Currents 



AC Common-Mode Firing 
Voltage 


■ r T 1 1 ■ f i 

POSITIVE FIRING VOLTAGE 


-REFERENCE VOLTAGE = 20 mV 
V^ = +5V 


NEGATIVE FIRING VOLTAGE 


-35 +5 +45 +85 

Ta f C) 


Differential Input to Output 
Propagation Delays 



-35 +5 +45 

Ta (°C) 


Differential Input to Output 
Propagation Delays 



-35 +5 +45 +85 

Ta rC) 


Differential Input to Output 
Propagation Delays 



-35 +5 +45 +85 +125 

Ta (°C) 


Differential Input to 
Output Propagation Delays 



4S ‘ 85 

Ta fC) 


Strobe to Output Propagation 
Delays 



-35 +5 +45 +85 +125 

Ta(°C) 


Strobe to Output Propagation 
Delays 


OS5520, DS5521,DS7520,[ 
(DELAYS TO Q OUTPUT 0 

. 1 L_ _I L . 

JS7521 

NLY) 


DELAY TO" 

^ 1 

1" OUTPUT^ 






•-Ft 



— 



-CticTI 


IIT- 










TO' 

L 1 

1 1 




DELAY 
■— '1 — J 

0" OUTPUT " 







1 1 



1 


-35 +5 +45 +85 +125 

Ta rC) 
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DS5520/DS7520, DS5520A/DS7520A series 




DS5520/DS7520, DS5520A/DS7520A series 


typical performance characteristics (cont.) 


Strobe to Output Propagation 
Delays 



-35 +5 +45 +85 +125 

Ta (°C) 


Strobe to Output 
Propagation Delays 



-35 5 45 85 125 


Ta ("C) 


Gate to Output Propagation 
Delays 

22 
20 

1 18 

< 16 

14 
z 

P 12 

I 

cc 8 
6 
4 

-35 +5 +45 +86 +125 

Ta CC) 



Gate to Output Propagation 
Delays 



Ta (°C) 


Gate to Output Propagation 
Delays 


0S5222, DSS523, OS7522, OS7S23 



1— 










~1 







-OE 

F— 

LAY 

pH 

TO 

'0"t 

UTP 

UT- 

— 


— 












' 

— 1 






-DE 

LAY 

TO 

"1" i 

}UTP 

'UT- 

: 

! 




td 


j 



-35 +5 +45 +85 +125 

Ta CO 


typical applications 


STR08E 



Large Memory System with Sectored Core Planes 
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DS7802/DS8802, DS7806/DS8806 


Sense Amplifiers 


DS7802/DS8802, DS7806/DS8806 
high speed MOS to TTL level converters 


general description 

The DS7802/DS8802, DS7806/DS8806 are high 
speed MOS to TTL level converters. These circuits 
act as an interface level converter between MOS 
and TTL logic devices. It consists of two 1 -input 
converters with common strobe input to inhibit 
"0" entry when strobe is high. It allows parallel 
entry when strobe is low and the internal latch 
is preset by the common preset input. TRI- 
STATE® output logic is implemented in this 
circuit to facilitate high speed time sharing of 
decoder-drivers, fast random-access (or sequential) 
memory arrays, etc. 


features 

■ Very low output impedance — high drive 
ability 

■ High impedance output state which allows 
many outputs ' to be connected to a common 
bus line 

■ Average power dissipation 110 mW per con- 
verter 


logic and connection diagrahris 




Du£il-in-Line Package 


Dual-In-Line and Flat Package 




Order Number DS7802J, DS8802J 
or DS8802N 


Order Number DS7806J, DS8806J, 
DS8806N or DS7806W 
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absolute maximum ratings (Notei) 


operating conditions 


Supply Voltage 

7.0V 

Supply Voltage (Vqq) 

MIN 

MAX 

UNITS 

Input Voltage 

5.5V 

DS7802, DS7806 

4.5 

5.5 

V 

Output Voltage 

5.5V 

DS8802, DS8806 

4.75 

5.25 

V 

Storage Temperature Range 

-65" C to 150°C 

Temperature (T/\) 
DS7802, DS7806 

-55 

+ 125 

"c 

Lead Temperature (Soldering, 

10 seconds) 300"C 

DS8802, DS8806 

0 

+ 70 

c 


electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

l|NA» *INB 

Logical "1" Input Current 

Vcc = M\r\ 

500 



ma 

l|NA- l|NB 

Logical "0" Input Current 

Vcc = Min 



200 

ma 

V.H 

Logical "1" Input Voltage 

Strobe, Preset, Disable, V, 

cc = Min 

2.0 



V 

V,L 

Logical "0" Input Voltage 

Strobe, Preset, Disable, V, 

cc = Min 



0.8 

V 

VoH 

Logical "1" Output Voltage 

Vqq — Min, Iqut ~ ^ mA 

2.4 



V 

VoL 

Logical "0" Output Voltage 

Vcc ~ Min, Iqut ~ '•^ nriA 



0.4 

V 

lo 

TRI -STATE Output Current 

Vcc “ Max 

Vo = 2.4V 



40 

ma 



Vo = 0.4V 



^0 

juA 

•iH 

Logical "1" Input Current 

Vcc “ Max 

V,N = 2.4V 



40 

ma 



V,N = 5.5V 



1.0 

mA 

IlL . 

Logical "0" Input Current 

Vcc = Max, V,N = 0.4V 



-1.6 

mA 

•cc 

Supply Current 

Vcc “ Max, V||si(disable) ~ 2V, Other Inputs = 0V 



40 

mA 

< 

o 

o 

Input Clamp Voltage 

Vcc = Min, l,N 

= -12mA 



-1.5 

V 

•sc 

Output Short Circuit Current 

Vcc = Max, Vc 

) =ov. 

DS7802, DS7806 

-20 



mA 



(Note 4) 


DS8802, DS8806 

-18 


1 

mA 


switching characteristics 



PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

^ds 

Propagation Delay to a Logical "0" From 
Strobe to Output 

Vcc = 5.0V (See Waveforms), Ta = 25°C 


17 

25 

ns 

fdp 

Propagation Delay to a Logical "1” From 
Preset to Output 

Vcc = 5.0V (See Waveforms), Ta = 25°C 


22 

32 

ns 

tlH 

Delay From Disable Input to High Impedance 
State (From Logical "1" Level) 

Vcc - 5.0V (See ac Test Circuit), Ta = 25°C 


7.0 

11 

ns 

lOH 

Delay From Disable Input to High Impedance 
State (From Logical "0" Level) 

Vcc ~ ^ (See ac Test Circuit), Ta = 25°C 


17 

25 

ns 

tHI 

Delay From Disable Input to Logical "1" 
Level (From High Impedance State) 

Vcc = 5.0V (See ac Test Circuit), Ta = 25*^0 


9.0 

14 

ns 

■^HO 

Delay From Disable Input to Logical "0" 
Level (From High Impedance State) 

Vcc 5.0V (See ac Test Circuit), Ta = 25°C 


13.5 

16 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Unless otherwise specified min/max limits apply across the -55° C to +125°C temperature range for the DS7802, DS7806 and across the 
0°C to +70°C range for the DS8802, DS8806. All typicals are given for Vqq = 5.0V, T/y, = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 
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02/DS8802, DS7806/DS8806 









DS7802/DS8802, DS7806/DS8806 


typical input circuit truth table 



IN A OR B 

ST 

p 

D 

OR Q0 

0 

1 

1 

0 

1 

1 

1 

1 

0 

1 

0 

0 

1 

0 

0 

1 

0 

1 

0 

1 

X 

X 

X 

1 

Hi-Z 


X = Don't care 


ac test circuits 


5.SV 




SWITCH S, 

SWITCH S2 

Cl 

tdp 

Closed 

Closed 

50 pF 

^ds 

Closed 

Closed 

50 pF 

^OH 

Closed 

Closed 

*5pF 

tiH 

Closed 

Closed 

*5pF 

^HO 

Closed 

Open 

50 pF 

tHI 

Open 

Closed 

50 pF 


*Jig capacitance 


(a) 



(b) (c) 



(d) 


Test Circuit 20 


5-34 








DS7802/DS8802, DS7806/DS8806 






Display Drivers 


NATIONAL 


DM5441A/DM7441A 

BCD to decimal decoder/nixie* driver 


general description 


The DM5441 A/DM7441 A is monolithic binary- 
coded-decimal to decimal decoder. The BCD 
number to be decoded is applied to the four 
input lines; and the unique output corresponding 
to the decimal equivalent of the input number 
falls to a logical 0 level. Outputs are designed to 
drive gas-filled-readout (Nixie*) tubes but are also 


able to operate with other low current lamps 
and relays. 

An over-range feature provides that If binary num- 
bers between 10 and 15 are applied to the input 
the least significant bit of these numbers (0 
through 5) will be decoded on the output. 


connection diagram 


logic table 


Dual-in-Line and Flat Package 



Order Number DM5441 AJ 
or DM7441 A J 


Order Number DM7441 N 


Order Number DM5441 AW 


typical applications 



Nixie* Readout 


Over-Range Decoding 


23456789 




1 2 3 4 5 6 7 8 9 



Note: Values for B+ and R[_ are as specified by the 
tube manufacturer. 


*Trademark of Burroughs Corporation 
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M5441A/DM7441A 




absolute maximum ratings {Notei) 


operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage (Vcc) 

7.0V 

Supply Voltage (Vqc) 




Output Voltage 

70V 

DM5441 A 

4-5 

5.5 

V 

Input Voltage 

5.5V 

DM7441 A 

4.75 

5.25 

V 

Storage Temperature Range 

-65°Cto +150°C 

Temperature (T/\) 
DM5441 A 




Lead Temperature (Soldering, 10 seconds) 

300° C 

-55 

+125 

°c 



DM7441 A 

0 

+70 

°c 


electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logical "1" Input Voltage 

Vcc = IVI'n 

2.0 



V 

V,L 

Logical "0" Input Voltage 

V(^Q — Min 



mm 

V 

hH 

Logical "1" Input Current 

Vcc - Max 

V,N = 2.4V, All Inputs 


3 

■■ 

fiA 



V,M = 5.5V 



1 

mA 

^IL 

Logical "0" Input Current 

Vcc =Max, V,N =0.4V 


-1.0 

-1.6 

mA 

•cc 

Supply Current 

Vcc = Max, V,N = O.OV 


21 

36 

mA 

VOH 

Logical "1" Output Breakdown Voltage 

Vcc ~ Max, Iqlit ~ mA 

70 

85 


V 

•oh 

Logical "1" Output Current 


! 

Ta =+125°C 



60 

tuA 





Ta = +70°C 



40 

luA 



Vcc = Max, VouT = 50V 

Ta = +25°C 



1.8 

UlA 





Ta=0°C 



1.8 

UiA 





Ta = -55°C 



1.8 

juA 

V0L 

Logical "0" Output Voltage 



Ta = +125'’C 



3.0 

V 





Ta = +70°C 



2.5 

V 



Vcc - Min, Iqut ~ ^ ftiA 

Ta = +25°C 


1.4 

2.5 

V 





Ta = 0°C 



2.5 

V 





Ta = -55°C 



2.5 

V 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -65°C to +125°C temperature range for the DS5441 A and across the 0°C to 
+70° C range for the DM7441 A. All typical values are for T^ = 25° C and Vqq = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

















NATIONAL 


Display Drivers 


DM5446A/DM7446A, DM5447A/DM7447A, DM5448/DM7448 
BCD-to-7-segment decoder/drivers 


general description 

This versatile series of 7-segment display drivers 
fulfills a wide variety of requirements for most 
active high (common cathode) and active low 
(common anode) Light Emitting Diodes (LED) 
or lamp displays. Each device fully decodes a 
4-bit BCD input into a number from 0 through 9 
in the standard 7-segment display format, and 
BCD numbers above 9 into unique patterns that 
verify operation. All circuits operate from a 
single 5.0V supply. 

The DM5446A/DM7446A has active-low, open- 
collector outputs that will drive segments requiring 
up to 40 mA of current. The outputs are capable 
of withstanding 30V at a maximum leakage current 
of 250^tA. This configuration is particularly well 
suited for common anode LED displays or higher 
voltage lamp displays. The high sink current 
capability also allows this circuit to be used in 
the multiplex or nonmultiplex mode of display 
drive. In addition, the device may be used to 
drive logic circuits since its normalized fanout 
is 25. 

The DM5447 A/DM7447A has the same output 
characteristics as the DM5446A/DM7446A except 
that the outputs withstand 15V at a maximum 


leakage current of 250 mA, Since its output configu- 
ration is the same as the DM5446A/DM7446A 
its applications will also be the same, the only 
restriction is that a lower voltage type display be 
used because of the reduced output voltage limit 
of 15V. 

The DM5448/DM7448 has active-high, passive- 
pull up outputs with a fanout of 4. Typical source 
current is 2.0 mA at an output voltage of 0.85V. 
The sink capability is 6.4 mA at a maximum 
voltage of 0.4V. It is normally used to drive logic 
circuits, operate high-voltage loads such as electro- 
luminescent displays through buffer transistors or 
SCR switches, and in low current common cathode 
Non-Multiplex LED applications. 

features 

■ Lamp-test input 

■ Leading/trailing zero suppression (RBI and 
RBO) 

■ Blanking input that may be used to modulate 
lamp intensity or inhibit output 

■ TTL and DTL compatible 

■ Input clamping diodes 


connection diagrams 


Dual-In-Line and Flat Package 

OUTPUTS 


Dual-ln-Line and Flat Package 

OUTPUTS 


JU 

UJ 

LJ 

13 

12 

11 

10 Jj 

1 16 

IS 

14 

13 

12 

_11 

12 |o 


■ 

■ 


! 

\ 













DM544BA/DNI7446A, 

0MB447A/DM7447A 

> 


0M5448/DM7448 

-J 


■ 

■ 
















rn 


S 

6 



2 

3 

4 

S 

8 

p-fr 


TEST OUTPUT INPUT 


TEST OUTPUT INPUT 


Order Number DM5446AJ, DM7446AJ, Order Number DM5446AN, DM7446AN, Order Number DM5446AW, DM7446AW, 
DM5447AJ, DM7447AJ, DM5448J, DM5447AN, DM7447AN, DM5448N, DIVI5447AW, DWI7447AW, 

or DM7448J or DM7448N DM5448W or DM7448W 
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DM5446A/DM7446A, DM5447 A/DM7447A, DM5448/DM7448 



DM5446A/DM7446A, DM5447 A/DM7447A, DM5448/DM7448 


absolute maximum ratings (Note i) operating conditions 

MIN 

Supply Voltage 7.0V Supply Voltage (Vcc) 

Input Voltage 5.5V QMS446A, DM5447A, ) _ 

Storage Temperature Range ^ -65°C to +150°C DM5448 , f 

Lead Temperature (Soldering, 10 seconds) 300°C DM7446A DM7447 ) 

DM7448 f 

Temperature (T/\) 

DM5446A, DM5447A, > 

DM5448 J 

DM7446A, DM7447A, 1 
DM7448 y ° / 

Output V/oltage 

DM5446A, DM7446A 
DM5447A, DM7447A 
DM5448, DM7448 

Output Sink Current (per segment) 
DM5446A, DM7446A, 

DM5447A, DM7447A 
DM5448, DM7448 

electrical characteristics (Note 2 ) The following is applicable to all parts, 

MAX 

5.5 

5:25 

+125 

+70 

30 

15 

5.5 

40 

40 

6.4 

UNITS 

V 

V 

°c 

°c 

V 

V 

V 

mA 

mA 

mA 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|n Logical "1" Input Voltage 


2.0 



V 

V||_ Logical "0" Input Voltage 




0.8 

V 

Vqh Logical "1" Output Voltage 

Vqc ~ Min, Iqut ~ ~200)LiA, BI/RBQ Node 

msm 



V 

VoL Logical "0" Output Voltage 

Vcc = Min, l|M = 8.0 mA, Bl/RBO Node 


0.3 

0.4 

V 

I|H Logical"1'' Input Current 

Vcc = Max Any Input 

V,N = 2.4V 



40 

/lA 


Except BI/RBO Node 

V,N = 5.5V 



1.0 

mA 

I|L Logical"0" Input Current 



Except BI/RBO Node 



-1.6 

mA 


vcc ividA, V|M u.*tv j 

BI/RBO Node 



-4.2 

mA 

Isc Output Short Circuit Current 

Vcc = Max, BI/RBO Node 



-4.0 

mA 

VcD Input Clamp Voltage 

Vcc = 5.0V, Ta = 25°C, l,N = -12 mA 



-1.5 

V 

output characteristics and supply current 





DM5446A/DM7446A, DM5447A/DIVI7447A (Note 2) 






PARAMETER 

CONDITIONS 

MIN 


MAX 

UNITS 

Yoh Logical "1" Output Voltage 

Vcc ~ Max, Iqut ~ 250^A 

DM5446A/DM7446A 

30 



V 

Outputs a through g 

DM5447A/DM7447A 

15 



V 

Vql Logical "0" Output Voltage 

Vcc “ Min, Iqut ~ 40 mA 





V 

Outputs a through g 








Ice Supply Current 

Vcc = Max 

DM5446A, DM5447A 


60 

85 

mA 


DM7446A, DM7447A 


60 

103 

mA 
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CONDITIONS 


PARAMETER 


Vqh Logical "1" Output Voltage Vcc = Min, Iqut = “400juA 

Outputs a through g 

Vql Logical "0" Output Voltage Vcc ~ Min, Iqut = 6.4 mA 

Outputs a through g 

Iql Logical "1" Load Current Available, Vcc = Min, Vqut = 0-85V 

Outputs a through g 

Isc Output Short Circuit Current Vcc ~ Max, (Note 3) 

Outputs a through g 


cc Supply Current 

Vcc “ Max 


MIN TYP MAX UNITS 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for DM5446A, DM5447Aand DM5448, 
and across the 0®C to +70°C range for DM7446A, DM7447A and DM7448. All typicals are given for Vqc ~ 5.0V and = 25°C. 


switching characteristics 

DM5446A/DM7446A, DM5447A/DM7447A, DM5448/DM7448 (Vcc = 5.0V, Ta = 25° C) 


PARAMETER 

IpdO 

Propagation Delay to a Logical "0" 


Propagation Delay to a Logical "1" 


Cl = 15 pF 


CONDITIONS 


Rl = 120n 


Rl = 667^2, DM7448 


DM5446A/DM7446A 

Rl = 120a 

DM5447A/DM7447A 


Rl = 1 k^2, DM5448 
Rl = 667fi, DM7448 
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DM 5446 A/ DM7446 A. DM5447 A/DM7447A, DM5448/DM7448 






























D1VI5446A/DM7446A, DM5447A/DM7447A. DM5448/DM7448 


truth tables 


DM5446A/DM7446A, DM5447A/OM7447A 



Note 1: BI/RBO Is wire-AND logic serving as blanking input (Bl) and/or ripple-blanking output (RBOj. The blanking Input (Bl) must be open or 
held at a logic "1" when output functions 0—15 are desired, and the ripple-blanking input (RBI) must be open or at a logical "1" if blanking of a 
decimal 0 is not desired. X = Input may be high or low. 

Note 2: When a logical "0" is applied directly to the blanking Input (forced condition) all segment outputs go to a logical "1" regardless of the 
state of any other input condition. ; 

Note 3: When the ripple-blanking input (RBI) and iriputs A, B, C and D are at logical "0", with the lamp test input at logical "1," all segment out- 
puts go to a logical "1" and the ripple-blanking output (RBO) goes to a logical "0" (response condition). 

Note 4: When the blanking input/ripple-blanking output (BI/RBO) is open or held at a logical "1," and a logical "0" Is applied to the lamp-test 
input, all segment outputs go to a logical "0." 


DM5448/DM7448 



Note 1: BI/RBO is wire-AND logic serving as blanking input (Bl) and/or ripple-blanking output (RBO). The blanking input (Bl) must be open or 
held at a logical "1" when output functions 0—15 are desired, and the ripple-blanking input (RBI) must be open or at a logical "1" if blanking of a 
decimal 0 is not desired. X = input may be high or low. 

Note 2: When a logical "0" is applied directly to the blanking input (forced condition) all segment outputs go to a logical "0" regardless of the 
state of any other input condition. 

Note 3: When the ripple-blanking input (RBI) and inputs A, B, C and D are at logical "0," with the lamp test at logical "1” all segment outputs go 
to the logical "0" and the ripple blanking output (RBO) goes to a logical "0" (response condition). 

Note 4: When the blanking input/ripple-blanking output (RI/RBO) is open or held at a logical "1,” and a logical "0" is applied to the lamp-test 
input, all segment outputs go to a logical "1 ." 


output display 


77 /. 

7 _/‘ 


SEGMENT IDENTIFICATION 



0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 

NUMERICAL DESIGNATIONS - RESULTANT DISPLAYS 
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L 0M5446A/DM7446A . , 

0M5447A/DM7A47A | 1 J 


switching time waveforms 


TYPICAL INPUT 
VOLTAGE . 
WAVEFORMS 
(SEE NOTE 2) 


TYPICAL OUTPUT 
VOLTAGE ' 
WAVEFORMS | 




A input to Outputs 


RBI Input to Outputs 

Note 1 : The truth table generator and pulse generator have the following characteristics: 
VooTH) S 2.4V. VouTioi < 0-4V, t, and t, < 10 n$, and PRR = 1.0 MHz. 

Note 2: Inputs B, C, and 0 transitions occur simultaneously with or prior to input A 
transitions. RBI = 4.SV. 

Note 3: Ci includes probe and iig capacitance. 
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DM54141/DM74141 


NATIONAL 


Display Drivers 


DM54141/DM74141 

BCD to decimal decoder/driver 

general description 

The DM54 141 /DM741 41 is a second-generation 
BCD to decimal decoder designed specifically to 
drive cold cathode indicator tubes. This decoder 
demonstrates an improved capability to minimize 
switching transients in order to maintain a stable 
display. 

Full decoding is provided for all possible input 
states. For binary inputs 10 through 15, all the 
outputs are off. Therefore the DM54141/DM74141, 
combined with a minimum of external circuitry, 
can use these invalid codes in blanking leading- 
and/or trailing-edge zeros in a display as shown in 
the typical application data. TheTen high-perform- 
ance NPN output transistors have a maximum 
reverse current of 50juA at 55V. 

Low-forward-impedance diodes are also provided 
for each input to clamp negative-voltage transitions 


in order to minimize transmission-line effects. 

Power dissipation is typically 55 mW, which is 

about one-half the power requirement of earlier 

designs. 

features 

■ Drives cold cathode numeric Indicator tubes 
directly 

■ 50)uA max I leakage current at 55 V 

■ Low power dissipation of 55 mW typ 

■ Fully decoded inputs ensure all outputs off 
for invalid codes 

■ Input clamp diodes for minimizing transmission 
line effects 









absolute maximum ratings (Note 1) 


Supply Voltage 7.0V 

Input Voltage 5.5V 

Output Voltage 60V 

Storage Temperature Range — 65*^0 to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


operating conditions 



MIN 

MAX 

UNITS 

Supply Voltage, V^q 

DM74141 

4.75 

5.25 

V 

DM54141 

4.5 

5.5 

V 

Temperature, T/:^ 

DM74141 

0 

-t-70 

°c 

DM54141 

-55 

-M25 

°c 


electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VlH 

Logical "1" Input Voltage 

Vcc “ 

2.0 



V 

•iH 

Logical "1" Input Current 


V,H = 5.5V 



0.1 

mA 



Vcc “ 

V,H =2.4V 

A Input 



40 

JUA 




B, C, or D Input 



80 

/iA 

V,L 

Logical “0" Input Voltage 

Vqc ~ Min 



0.8 

V 

•iL 

Logical "0" Input Current 

Vcc = Max, V,L =0.4V 

A Input 



-1.6 

mA 



B, C, or D Input 



-3.2 

mA 

VcD 

Input Clamp Voltage 

Vcc ~ Min, IcD ~ mA 



-1.5 

V 

VOH 

Logical "1" Output Voltage 

Vcc = Max, 1 

OH = 0.5 mA 


60 



V 

•oh 

Logical "1" Output Current 

Vcc “ Max 

Vo = 55V 



50 

ma 



Vq = 30V Input States 10—15 



5.0 

juA 

VoL 

Logical "0" Output Voltage 

Vcc ” Min, Iql = 7.0 mA 



2.5 

V 

•cc 

Supply Current 

Vcc " Max, All Inputs Gnd, All Outputs Open 


11 

25 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DM54141 and across the 0°C 
to +70°C range for the DM74141 . All typicals are given for V^c ~ 5.0V and T/\ = +25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


truth table 


D 

INPUT 
C B 

A 

OUTPUT 

ON^ 

L 

L 

L 

L 

0 

L 

L 

L 

H 

1 

L 

L 

H 

L 

2 

L 

L 

H 

H 

3 

L 

H 

L 

L 

4 

L 

H 

L 

H 

5 

L 

H 

H 

L 

6 

L 

H 

H 

H 

7 

H 

L 

L 

L 

8 

H 

L 

L 

H 

9 

H 

L 

H 

L 

NONE 

H 

L 

H 

H 

NONE 

H 

H 

L 

L 

NONE 

H 

H 

L 

H 

NONE 

H 

H 

H 

L 

NONE 

VI 

H. 

H 

H 

NONE 


H = high level, L = low level 
tAII other outputs are off 
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DM54141/DM74141 



DS8650 


Display Drivers 


DS8650 low voltage 4-digit LED driver 


general description 


features 


The DS8650 is a 4-digit LED display driver designed 
specifically for electronic watches. Its Inputs interface 
directly with CMOS watch circuits such as the MM5829, 
and its outputs sink typically 75 mA from a common 
cathode LED watch display. 

The DS8650 is supplied In dice form. Plastic DIP parts 
are available for device evaluation. 


Direct interface with CMOS watch circuits 


■ Grouped inputs and outputs 


Low voltage operation 


Packaged devices available for evaluation 


schematic diagram 


INPUT PAD (1,2, 3, 4) 


OUTPUT 
PAD (8, 7, 6, SI 


connection diagram and chip pad layout 


Dual-1 n-Line Package 


IN 3 IN 2 



Order Number DS8650N 
or DS8650 Dice 




INI ^ C 


IN 2 OUT 2 


IN 4 OUT 4 


5.3 j-*- 


5.3 j— ►- 


Notel: All dimensions in millinches. 
Note 2; Die size 33 mils x 36 mils. 
Note 3: Pads 4.0 mils square dear area. 



absolute maximum ratings 

Applied Voltage V,n = 1.5V 

VouT = 5V 


electrical characteristics (NoteD 

2.7V < Vqc < 2.9V; -5°C < < +70°C, unless otherwise specified. 


PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

IlH 

Input "ON” Current 

V((sj = 1.1V, Iqut ” 42 mA 

0.84 

1.4 


mA 

IlL 

Input "OFF" Current 

V,N = 0.2V, VouT = 5.0V 


-0.01 

-20 


Vql 

Output "ON" Voltage 

loL = 42 mA, l,N = 840juA„ Vcc = 2.4V 



0.40 

V 



Iql = 63 mA, I,n = 1.3 mA. Vcc = 2.7V 



0.55 

V 

•CEX 

Output Leakage Current 
(4 Outputs Tied Together) 

V,N = 0.2V. VouT = 5.0V 


0.07 

1.0 

ma 

Iql 

Output Sink Current 

Vql = 0.55V. 1,N = 1.3 mA 

63 

75 


mA 


Note 1: All references to Vqc apply on a system basis since the DS8650 has no Vqq connection. 
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DS8650 







DS8651, DS8659 


Display Driveis 

NATIONAL 


DS8651, DS8659 low voltage seven-segment LED drivers 



general description 


features 


The DS8651 and DS8659 are seven segment LED display 
drivers specifically designed for electronic watches. Their 
inputs interface directly with CMOS watch circuits such 
as the MM5829,artd their outputs provide a constant 
current drive for common cathode LED vyatch displays. 
Output current drive from the DS8651 is 6.5 mA 
typical per segment and the DS8659 provides 10 mA 
typically, thus no external resistors are needed. 


■ Direct interface with CMOS watch circuit 


■ Internally set constant current drive 


■ Grouped inputs and outputs 

■ Packaged devices available for evaluation 


Both circuits are supplied in dice form. Plastic DIP 

parts are available for device evaluation. ■ Low voltage operation 


schematic diagram 



connection diagram and chip pad layout 

Dual-ln-Line Package 


Vcc NC 0UT1 OUT 2 OUT 3 OUT 4 OUTS OUTS OUT 7 



TOP VIEW 

Order Number DS8651N 
or DS8659N 



Note 3: Pads 4.5 mils square clear typically. 
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absolute maximum ratings (Notei) 


Maximum Applied Voltage Vqc ~ 5V 

Minimum Applied Voltage Vcc == “0.3V 


electrical characteristics (Notes 2 and 3) 

2.4V < Vcc < 2.9V; -5°C < < +70°C, unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

ItH 

Input Current 

V,N = 0.8V, Vcc = 2.7V 

DS8651 


-150 

-300 

iuA 



DS8659 


-150 

-300 

i^A 

I.L 

Input "OFF" Current 

V,N= Vcc -0.2V 1 



-200 

nA 

•CEX 

Output "OFF" Current 

V,N = 2.9V, Vcc = 3.5V, > 

^UT = 1-3V 



0.06 

2 

iuA 

loH 

Output "ON" Current 

V,N =0.8 

Vcc = 2.9, Vqut = 2.3 

DS8651 



-10 

mA 



Vcc = 2.7, VouT = 2.2 j 

-5 

-6.5 

-8 

mA 



1 V,N =0.5, Vcc = 2.4, VouT = 2.15 | 

-3.5 



mA 



V,N =0.5, Vqut = 2.15 

Vcc = 2.7 


-7 

-To“ 


mA 



Vcc = 2.4 


-4.5 

1 


rnA 

Ice 

Supply Current 

Vcc = 2.7V, V,N = 0.5V, VouT = 2.15V, 
One Input-Output Pair "ON" at a Time 

DS8659 


1 

12 

15 - 

mA 


Note 1; "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -5°C to +70^0 range for the DS8651/DS8659. All typical values are for 
Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
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DS8651, DS8659 




DS8654, DS8655, DS8656 


NATIONAL 


Display Drivers 


DS8654 8 output buffer 

DS8655 12 output decoder/driver and oscillator 
DS8656 diode matrix 


system description 

The DS8654, OS8655 and OS8656 are specifically 
designed to operate a therrnal printing head for calcula- 
tor or other uses. In this application the same segment in 
each digit is selected at the same time, reducing the 
overall time for a complete print cycle. The DS8654 
is an 8-diglt driver. With a 15-dlgit print head, two of the 
DS8654 are required. The DS8655 is an 8-segment 
driver. It drives 15 mA to the base of an external power 
transistor, which In turn may have to sink up to 800 mA 
if alt segments happen to be selected. The segment drive 
is sequential and is decoded from inputs A, B and C. 
These Inputs with an enable Input and an Indicator 
Status input operate four status drive outputs, which are 
also selected sequentially. These outputs, designated 
LV, ADD, MEM and CALC ate designed to drive LED 
status lamps through a single external limiting resistor 
to ground. The DS8655 also provides the clock for the 
calculator circuit (MM5786) with an external resistor 
and capacitor for accuracy. 

The DS8656 diode arrays are used to prevent '"sneak" 
currents In the resistive print head. In a 15-digit print 
head with one alphanumeric digit there are 119 resistor 
segments requiring 1 19 diodes. For ease of assembly, the 
DS8656 Is configured in four groups of three common 
cathode diodes in each group. In the system, ten parts 
of DS8656 are required. 

The whole system. Figure 1, is designed to operate 
from a +19V supply for the print head and an 8-cell 
nickle-cadmium battery supplying -8V to -11.6V for 
the rest of the electronics. The 8-segment drive trans- 


istors require LVcer's of 33V min, B of > 100 at 
Ic * 500 mA, and Vsat < TOV at 800 mA with 15 mA 
drive. ~ 

general description 

DS8654 is an 8-digit driver with emitter/follower out- 
puts. It can source up to 50 mA at a low Impedance, and 
operates with a constant internal drive current over a 
wide range of power supply— from 5V to 33V. The 
DS8654 can be used to drive electrical or mechanical, 
niultiplexed or unmultiplexed display systems.. It can be 
used as a segment driver for common cathode displays 
with external current limiting resistors or can drive 
incandescent or fluorescent displays directly/ both digits 
(anodes) and segments (grids). It vyill be necessary to run 
the device at a lower duty cycle, to keep the maximum 
package dc power dissipation less than 600 mW while 
operating all 8 outputs at high supply voltage and large 
source current. The inputs are MOS compatible and 
eliminate the need for level shifting since inputs are 
referenced to the most negative supply of system. 

The DS8655 is a l-out-of-8 segment decoder/driver; also 
has l-out-of-4 decoded status outputs and on-chip clock 
generator. The segment outputs and status outputs are 
controlled by enable and indicator status inputs respec- 
tively. The segment outputs can source 15 mA min. The 
status outputs are capable of sinking up to 40 mA at a 
low impedance. The device has a low-voltage battery 
indicator. 

The clock frequency of the oscillator can be controlled 
by external timing components, R and C. 


connection diagrams 


Oual-in-Line Package 


Dual-In-Line Package 


Oual-ln-Line Package 



Order Number OS8654N 


Order Number DS8655N 


Order Number OS8656N 


6-14 



absolute maximum ratings ds8654 (Note i) 

Supply Voltage 36V 

Input Voltage 36V 

Output Voltage OV 

Storage T ernperature Range -65° C to -M 50° C 

Maximum Package Power 600 mW 

Lead Temperature (Soldering, 10 seconds) 300° C 

electrical characteristics ds 8654 (Notes 2 and s) 

operating conditions ds8654 

MIN MAX 

Supply Voltage (V^c) 22 33 

Temperature (T/^) 

DS7654 -55 +1 25 

DS8654 0 -F70 

UNITS 

V 

°c 

°c 

PARAMETER 

CONDITIONS 

MIN^ 

TYP 

MAX 

UNITS 

I|H Logical "1" Input Current 

Vec = Max, 

V,N = 6.5V 



390 

500 

ma 

I|L Logical "0" Input Current 

Vec “ Max, 

V,N = 0.4V 



13 

40 

ma 

Iqh Logical "1" Output Current 

Vec “ Max, 

Vqut Grid 



0.01 

-100 

ma 

Vql Logical "0" Output Voltage 

Vec “ Max, lj|vj — 500/iA, 
Iqh “50 mA 


T 

u 

Vcc-2.5 

V 

lcc(oFF) Supply Current 

Vec “ Max, 

V|N = Vqut = Gnd 



0.01 

1.0 

mA 

•cc(ON) Supply Current 

(All Outputs "ON") 

Vec = Max, V,n = 6.5V, 
Iqut ~ 8 


7.5 

10 

mA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to -M25°C temperature range for the DS7654 and across the 0°C to 
-F70°C range for the DS8654. All typicals are given for Vqq = 30V and T/^ = 26 °C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be shorted. 

absolute maximum ratings ds8655 (Note i) operating conditions ds8655 

MIN MAX UNITS 

Supply Voltage 13.5V Supply Voltage (Vcc^ 8.0 11.6 V 

Input Voltage 11.6V Temperature (Ta> 0 +70 -C 

Output Voltage 6V 

Storage Temperature Range -65° C to -H 50° C 

Power Dissipation 600 mW 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics ds 8655 (Notes 2 and 3) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

SEGMENT DECODER 

1|L Logical "0" Input Current 

Vec = Max, 

V,N = 6.5V 




500 

HA 

liH Logical "1" Input Current 

Vec “ Max, 

V,N = 0.4V 




40 

UA 

loLi Logical "0" Output Current 

Vqli =0V, V,n =0.4V 



-10 

HA 

Iqhi Logical "1" Output Current 

Vqhi =1-0V, V,n=6.5V 

-15 


-25 

mA 

STATUS OUTPUTS | 

Vql 2 Logical "0" Output Voltage 
(Except LV) 

Vec = Min, V,n = 6.5V, Iol 2 = 

40 mA 



0.5 

V 

•oh Logical "1" Output Current 


Vec Max 



500 

juA 

LV "1" Output Current 

Vec = 90V 



500 

fiA 

Vql 2 LV "0" Output Voltage 

Vec = 8 . 6 V, 

Iql 2 “ 40 mA 




0.5 

V 

OSCILLATOR SECTION | 

fosc Oscillator Frequency 

Vec ~ Max, (Note 5) 




kHz 

Vql Logical "0" Output Voltage 

Vec = Min, 

OUT “ 2 mA 




0.5 

V 

Vqh Logical "1" Output Voltage 

Vq^ “ Msx, 

out““100/iA . 

. ..J 

mm 



V 

d Duty Cycle 


40 


60 

% 

Ice Supply Current 

Vec “ Max, 

One Output Selected (Note 4) 



56 

mA 

lcc(SB) Stand-By Supply Current 

Vec “ Max, 

Vso = 6.5V 




28 

mA 
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DS8654, DS8655, DS8656 









DS8654, DS8655, DS8656 


switching characteristics . DSSSBS V^c =* 10V,Ta - 25°C unless otherwise specified. 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdO 

Propagation Delay to a Logical "0" 
From Input to Segment/Status 
Output 

See ac Test Circuits 

■ 


100 

ns 

tpdO 

Propagation Delay to a Logical "0" 
From Enable Indicator Status to 
Segment/Status Output 

See ac Test Circuits 



100 

ns 

tpdl 

Propagation Delay to a Logical "1" 
From Input to Segment/Status 
Output 

See ac Test Circuits 

■ 


100 

ns 

tpdl 

Propagation Delay to a Logical "1" 
From Enable/Indicator Status to 
Segment/Status Output 

See ac Test Circuits 

■ 


100 

ns 

fosc 

Oscillator Frequency 

R = 18k, C = 1500 pF 


100 


kHz 

d 

Duty Cycle 

R = 18k, C= 1500 pF 

40 


60 

% 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0‘*C to +70°C range for the DS8655. Ail typicals are given for Vcc “ 
and Ta ~ 25'*C. 

Note 3: All currents Into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Only one output at a time should be turned "ON." 

Note 5: Oscillator frequency controlled by external timing components, resistor (2k to 20k) and capacitor. 


electrical characteristics ds 8656 (Ta =o°c to +70*^0 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Vr 

Peak Inverse Voltage 

1 R ~ 0.1 mA 

35 



V 


Forward Voltage 

1 p = 50 m A 



1.5 

V 

tr 

Reverse Recov. Time 

Ip = 50 mA to Ir = 0.1 mA at Vr ~ 30V 



1.0 

jUS 


schematic diagram 


DS8654 
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DS8654, DS8655, DS8656 
















DS8654, DS8655, DS8656 


ac test circuits and switching time waveforms ossess 



typical application 
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DS8654, DS8655, DS8656 



Display Drivers 


NATIONAL 


DS8658 low voltage four-digit LED driver 


general description features 

The OS8658 is a 4-digit LED display driver designed ■ Direct interface with CMOS watch circuits 
specifically for electronic watches. Its Inputs interface 

directly with CMOS watch circuits such as the MM5829, . Grouped inputs and outputs 

and its outputs sink typically 100 mA from a common 
cathode LED watch display. 

■ Low voltage operation 

The DS8658 is supplied in dice form. Plastic DIP parts 

are available for device evaluation. ■ Packaged devices available for evaluation 


schematic diagram 



connection diagram and chjp pad layout 
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absolute maximum ratings 

Applied Voltage Vi^ = 1.5V 

Vout = 5V 


electrical characteristics (Note i) 

2.7V < Vcc < 2.9V; -5°C < < +70°C, unless otherwise specified. 


PARAMETER 

CONDITION 

MIN 

TYP 

MAX 

UNITS 

•iH 

Input "ON" Current 

ViN ~ 1.1V, Iqut ~ 


6 


mA 

IlL 

Input "OFF" Current 

V,N = 0.2V, Vout = 5V 



nmmi 

pA 

VoL 

Output "ON" Voltage 




HE&3I 

V 






■IQglll 

V 

^CEX 

Output Leakage Current 
(4 Outputs Tied Together) 


■ 



/iA 

Iql 

Output Sink Current 

VoL = 0.55V, l,N = 1.3 mA 

84 



mA 


Note 1: All references to Vqq apply on a system basis since the DS8658 has no Vqq connection. 
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DS8658 







DS8673, DS8674 


Dtsplay Drivers 

Advance Information* 

NATIONAL 

DS8673, DS8674 7-segment decoder/d river/ latch 
general description 

The DS8673, DS8674 is a 7-segment decoder/d river 
with latches on the address inputs and active low con- 
stant current outputs to drive LEDs directly. 

The DS8673, DS8674 accepts a 4-bit binary code and 
produces output drive to ihe apprdpriate segments of 
the 7-segment display. It has a decode format which 
produces numeric codes "0" through “9" and other 
codes as shown on subsequent pages (see truth table). 

Latches on the four dat^inputs are controlled by an 
active low Latch Enable E^, When El is low, the sta^ 
of the outputs is determined by the input data. When El 
goes high, the last data present at- the Inputs Is stored In 
the latches and the outputs remain stable. The El pulse 
width necessary to accept and store data is typjcally 
50 ns, which allows data to be strobed into the 088673, 

DS8674 at normal TTL speeds. This feature means that 
data can be routed directly from high speed counters 
and frequency dividers into the display without slowing 
down the system clock or providing intermediate data 
storage. 

The latch/decoder combination is a simple system which 
drives LED displays with multiplexed data inputs from 
MOS time clocks, DVMs, calculator chips, etc. Data 
inputs are multiplexed while the displays are in static 
mode. This lowers component and insertion costs, since 
several circuits-seven resistors per display, strobe 
drivers, a separate display voltage source, and dock 
failure detect circuits— traditionally found In multl- 


connection diagram 


Dual-In-Line Package 



Order Number 0^8673J, 
DS8674J or DS8673N, OS8674N 


DS8673 Digit Display 



plexed display systems are eliminated. It also allows low 
strobing rates to be used without display flicker. ' 

Another feature of the D88673, DS8674 is the reduced 
loading on the data inputs when the latch enable is 
high (only lOjuA typ). This allows many DS8673, 
DS8674's to be driven from a MOS device In multiplex 
rnode without the need for drivers oh the data lines. 

The DS8673, DS8674 also provides automatic blanking 
of the leading and/or trailing edge zeros in a multidigit 
decimal number, resulting in an easily readable decimal 
display conforming to normal writing practice. 

features 

■ High speed input latches for data storage 

■ 15 mA constant current sink capability fo directly 
drive common anode LED displays. . . man 1 type 

■ Active low latch enable for easy interface with MSI 
circuits 

■ Data input loading essentially zero when latch dis- 
abled 

■ .Automatic ripple blanking for suppression of leading 
edge zeros and/or trailing edge zeros 

■ Pin out compatible with other standard MSI decoders 
such as DM7446, DM7447 and DM7448 

■ Replaces Fairchild 9374 and Signetics 8T74 pin 
for pin 
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absolute maximum ratings (Note i) 


operating conditions 


Storage Temperature -€5°C to +150*^0 

Temperature (Ambient) Under Bias -55° C to +125°C 

Vqq Lead Potential to Ground Lead -0.5V to +7.0V 

•Input Voltage (dc) -0.5V to +5.5V 

•Input Current (dc) -30 mA to +5.0 mA 

Output Voltage (dc) Output "OFF" 10V 

Output Voltage (dc) Output "ON" 8.0V 

Lead Temperature (Soldering, 10 seconds) 300° C 

•Either Input Voltage limit or Input Current limit is sufficient 
to protect the inputs. 


Supply Voltage (Vqq) 
Temperature (T/^) 


electrical characteristics (Notes 2 and 3) 


PARAMETER 


V|H Input High Voltage 

V|L Input Low Voltage 

VcD Input Clamp Diode Voltage 

Vqh Output High Voltage RBO 

Vql Output Low Voltage RBO 

Iql Output Low Current a through g 

•cEx Output High Leakage Current 

a through g 

liH Input High Current 

IjH Input High Current 

liL Input Low Current 


Ice Power Supply Current 


CONDITIONS 


Guaranteed Input High Voltage 
for All Inputs 

Guaranteed Input Low Voltage for 
All Inputs 

Vqc — Min, l||\j — ~12 mA, 

Ta=25°C 

Vec ~ Min, Iqh ~ “40/iA 


Vec “ Max, 
V,M =0.4V 


0.8 mA 


0.25 

0.4 

V 

= 3.0V 

12 

15 

18 

mA 

= 0.5V 


14 


mA 

r = 5.5V 



250 

juA 

Data 


10 

40 

juA 

RBI and El 


5 

20 

juA 

= 5.5V 



1.0 

mA 

El and RBI 


-0.25 

-0.4 

mA 

Data (Latch Enable Low) 


-0.25 

-0.4 

mA 

Data (Latch Enable High) 


±0.01 

-0.06 

mA 

RBO (Used as an Input) 


-0.7 

-1.2 

mA 

= O.OV, Vqut = 3.0V 


35 

50 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 

Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2 : Unless otherwise specified min/max limits apply across the 0°C to +75° range for the DS8673 and DS8674, All typical values are for 
TA*25°Cand Vcc“5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
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switching characteristics = 25°c, Vcc = 5.ov 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tPHL 

Turn On Delay Data Input to 
Output 

Rl = 1 ka, Cl = 15pF, 
(Figures) 



140 

ns 

tPLH 

Turn Off Delay Data Input to 
Output 

RL = lkaCL = 15pF, 
(Figure 3) 

■ 


140 

ns 

tPHL 

Turn On Delay El Input to 
Output 

Rl = 1 ka,CL = 15pF, 
(Figure 2) 

■ 

■1 

.140 ' 

PS 

tpLH 

Turn Off Delay El Input to 
Output 

Rl == 1 ka. Cl = 15pF, 
(Figure 2) 


■ 

140 

ns , 

ts(H) 

Set-Up Time High Data to 
Latch Enable 

(Figure 4) 

75 



ns 

th(H) 

Hold Time High Data to 
Latch Enable 

(Figure 4) 

0 


■ 

ns 

ts(U 

Set-Up Time Low Data to 
Latch Enable 

(Figure 4) 

30 

■ 


ns 

thIU 

Hold Time Low Data to 
Latch Enable 

(Figure 4) 

0 


■ 

ns 

twiEl) 

Latch Enable Pulse Width 

(Figure 5) 

85 

50 


ns 


Set-Up Time: tj is defined as the time required for the logic level to be present at the Data Input prior to the Enable transition from Low to 
High in order for the latch to recognize and store the new data. 

Hold Time: t^ is defined as the minimum time following the Enable transition from Low to High that the logic level must be maintained at the 
data input in order to ensure continued recognition. A negative Hold Time indicates that the logic level may be released prior to the Enable 
transition from Low to High and still be recognized. 

typical performance characteristics 



OUTPUT VOLTAGE (V) 

FIGURE 1. Typical Constant Segment Current vs Output Voltage 

switching time waveforms 
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block diagram 



truth table 


BINARY 

STATE 

El 

RBI 

A3 

INPUTS 

A2 

A1 

AO 

a 

b 

c 

OUTPUTS_ 
d e 

f 

9 

RBO 

DISPLAY 

- 

H 



X 

X 

X 

X 




— STABLE 





STABLE 

0 

L 



L 

L 

L 

L 

H 

H 

H 

H 

H 

H 

H 

L 

BLANK 

0 

L 

H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

H 

H 

0 

1 

L 

X 

L 

1 

L 

H 

H 

L 

L 

H 

H 

H 

H 



I 

2 

L 



L 

L 

H 

L 

L 

L 

H 

L 

L ' 

H 

L 




3 

L 



L 

L 

H 

H 

L 

L 

L 

L 

H 

H 

L 



3 

4 

L 



L 

H 

L 

L 

H 

L 

L 

H 

H 

L 

L 



H 

5 

L 



L 

H 

L 

H 

L 

H 

L 

L 

H 

L 

L 



5 

6 

L 



L 

H 

H 

L 

L 

H 

L 

L 

L 

L 

L 



E 

7 

L 



L 

H 

H 

H 

L 

L 

L 

H 

H 

H 

H 



1 

8 

L 



H 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 



B 

9 

L 



H 

L 

L 

H 

U 

L 

L 

H 

H 

L 

L 



B 

10 

L 



H 

L 

H 

L ! 

H 

H 

H 

H 

H 

H 

L 



- 

11 

L 



H 

L 

H 

H 

L 

H 

H 

L 

L 

L 

L 



E 

12 

L 



H 

H 

L 

L 

H 

L 

L 

H 

L 

L 

L 



H 

13 

L 



H 

H 

L 

H 

H 

H 

H 

L 

L 

L 

H 



L 

14 '1 

L 



H 

H 

H 

L 

L 

L 

H 

H 

L 

L 

L 



P 

15 

L 

> 

< 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


1 

BLANK 

X 

X 

X 

X 

X 

X 

_JLu 

H 

H 

H 

H 

H 

H 

H 

L' 

1 

BLANK 


*The RBI will blank the display only if a binary zero is stored in the latches. 
**RBO used as an input overrides all other input conditions. 


DEFINITION 

INPUTS 

OUTPUTS 

H 

High Voltage Level 

Output is "OFF" 

L 

Low Voltage Level 

Sinking Current 

X 

Don't Care 




Segment Identification 


application hints 

It is possible with common anode 7-segment LED 
displays and constant current sink decoder drivers to 
save substantial amounts of power by carefully 
choosing operating points on display supply voltage. 
First, examine the power used in the nornnal display 
driving method where the display and decoder driver are 
both operated from a 5V regulated supply (Vcc Vs). 

The power dissipated by the LED and the driver outputs 
is (Vcc X IsEG X n Segments). The total power dissi- 


pated with a 15 mA LED displaying an eight (8) would 
be: 

PjoT “ 5-OV X 15 mA X 7 
= 525mW 

Of this 525 mW, the power actually required to drive 
the LED is dependent on the Vp drop of each segment. 
Most GaAsP LEDs exhibit either a 1.7V or a 3.4V 
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application hints (con't) 

forward voltage drop. Therefore, the required total 
power for seven segments would be: 

P(,.7)*'1.7Vk15mAx7 
= 178.5mW 

P( 3 . 4 ), = 3.4V X 15 mA X 7 
-357mW ‘ 

The remaining power Is dissipated by the driver outputs 
which are maintaining the 15 mA constant current 
required by the LEDs. Most of this power is wasted, 
since the driver can maintain approximately 15 mA with 
as little as 0.5V across the output device. By using a 
separate power source (Vg ) for the LEDs, which is set to 
the LED Vp plus the offset voltage of the driver, as 
much as 280 mW can be saved per digit, i.e., 

Vs = Vp(|v,AX) Vqffset 
= 2.0V + 0.5V 
= 2.5V 

Pj 2.5V x 14 mA (from Figure 2} x 7 
= 245 mW 

These figures show that using a separate supply to drive 
the LEDs can offer significant display power savings. In 
battery powered equipment, two rechargeable nickle- 
, cadmium cells in series would be sufficient to drive the 
display, while four such cells would be needed to oper- 
ate the logic units. 

LOW POWER, LOW COST DISPLAY POWER 
SOURCES 

In small line operated systems using TTL/MSI and LED 
or Incandescent displays, a significant portion of the 
total dc power is consumed to drive the displays. Since 
it is irrelevant whether displays are driven from unfil- 
tered dc or pulsed dc (at fast rates), a dual power system 
can be used that makes better utilization of transformer 
rms ratings. The system utilizes a full wave rectified but 
unsmoothed dc voltage to provide the displays with 
120 Hz pulsed power while the rest of the system is 
driven by a conventional dc power supply circuit. The 


frequency of 120 Hz is high enough to , avoid display 
flicker problems. The main advantages of this system 
are: 

a. Reduced transformer rating 

b. Much small smoothing capacitor 

c. Increased LED light output due to pulsed operation 

With the standard capacitor filter circuit, the rms current 
(full wave) loading of the transformer is approximately 
twice the dc output. Most commercial transformer 
manufacturers rate transformers with capacitive input 
filters as follows: 

Full Wave Bridge Rectifier Circuit 

Transformer rms current = 1.8 x dc current 
required 

Full Wave Center Tapped Rectifier Circuit 
Transformer rms current = 1 .2 x dc current 
required 

Therefore, the removal of a large portion of the filtered 
dc current requirement (display power) substantially 
reduces the transformer loading. 

There are two basic approaches. First (Figure 7) is the 
direct full wave rectified unregulated supply to power 
the displays. The DS8673, DS8674 decoder driver 
constant current feature maintains the specified seg- 
ment current after the LED diode drop and 0.5V satura- 
tion voltage has been reached (s2.2V). Care must be 
exercised not to exceed the drivers' power ratings and 
the maximum voltage that the decoder driver sees In 
both the "ON" and "OFF" modes. 

The second approach (Figure 8} uses a 3-terminal voltage 
regulator such as the LM340T-5 to provide dc pulsed 
power to the display with the peak dc voltage limited 
to 5V. This approach allows easier system thermal 
management by heat sinking the regulator rather than 
the display or display drivers. When this power source Is 
used with an Intensity modulation scheme or with a 
multiplexed display system, the frequencies must be 
chosen such that they do not beat with the 120 Hz full 
wave rectified power frequency. 



FIGURE 6. 
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LM340T-5 
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REGULATOR 
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DS8692, 0S8693, DS8694 


Display Drivers 


NAt1C^NAL 


DS8692, DS86§3, DS8694 printing calculator interface set 


general description 

Two DS8692 iC's and one each of the DS8693 and 
DS8694 provide the complete interface necessary 
between the MM5787 calculator chip and the Seiko 
Model 310 printing head. The DS8692 is an array of 
eight common emitter output transistors each capable 
of sinking 350 mA, / with open collector saturating 
outputs. The DS8693 contains the interface logic for 
the color solenoid driver, motor driver, and 7-column 
character select solenoid drivers. The DS8694 contains 
the interface logic for 8-column solenoid drivers plus 
the clock oscillator and timing signal buffer. The color 
and character select solenoid driver outputs of both are 


constant current outputs supplying the base current 
for the DS8692 arrays. These outputs also feature active 
pull-down. The motor drive output is an open collector, 
capable of sinking 20 mA. 


features 

■ Provides complete Interface package for printing 
calculators with minimum number of packages and 
rfiinimum number of external components 

■ 350 mA sink capability 


connection diagrams 

buaMn-Line Package 

E C8 B8 B7 C7 NC C6 86 BS C5 E 
|22 I21 I20 |t9 |i8 |i7 |i6 |i5 |i4 |i3 1 12 


Dual-ln-Li'ne Package 
COLUMN , motor 

t " A COLOR DRIVE MOTOR 

Vcc 00T1 OUT 2 OUT 3 OUT 4 OUT 5 OUT 6 OUT 7 OUT OUT STOP 


19 18 17 16 15 14 13 12 






absolute maximum 

ratings DS8692-Transistor Array (Note 1) 


Collector to Base Voltage 

35V 

Power Dissipation (T/^ == 25® C) 

650 mW 

Collector to Emitter Voltage 

35V 

Operating Junction Temperature 

150°Cmax 

Collector to Emitter Voltage (Note 4) 

15V 

Operating Temperature Range 

0®Cto +70® C 

Emitter to Base Voltage 

6V 

Storage Temperature Range 

-65®Cto+150®C 

Collector Current (Continuous) 

0.4A 

Lead Temperature (Soldering, 10 seconds) 

300® C 


electrical characteristics DSS692 (Each Transistor, Ta = 25°c unless specified) (Notes 2 and 3) 


PARAMETER | 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

VcEO 

Collector to Emitter Breakdown 
Voltage 

Ic = lOOjtiA, Ib = 0 

15 



V 

VcES 

Collector to Emitter Breakdown 
Voltage 

Ic = lOOjuA, Vbe =0 

35 



V 

VcBO 

Collector to Base Breakdown 
Voltage 

Ic = IOOmA, Ie = 0 

35 

■ 


V 

hpE 

dc Current Gain 

Ic = 165mA@VcE = 5V 

80 



V 



Ic = 350 mA @VcE = 5V 

70 



V 

VcE(SAT) 

Collector to Emitter Saturation Voltage 

Ic = 350 mA, Ib = 7.0 mA 



1.0 

V 

VbE(SAT) 

Base to Emitter Saturation Voltage 

Ic = 350 mA, Ib = 7.0 mA 



0.95 

V 


absolute maximum ratings dss 693 (Note 1) operating conditions dss693 


Supply Voltage 12V 

Input Voltage 12V 

Output Voltage 

All Pins Except Pin 13 12V 

Pin 13 19V 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

electrical characteristics DS8693(Notes2and3) 


Supply Voltage (Vqq) 
Temperature (T^) 


MIN MAX 

8.5 11.0 

0 +70 


UNITS 

V 

°c 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

COLUMN DRIVERS. 

I|N 

Input Current 

V,n=Vcc-1.5V 



250 

AtA 

VoL 

Output "OFF" Voltage 

Vcc ~ Min, “ 50.0/iA, Iclock * 300/iA, 

•out " ) 



0.4 

V 

•oh 

Output "ON" Current 

Vcc = IVlin, V,N = 7.0V, Iclock = 300/uA, 

VouT = 10V 

■ 

■ 

-17 

mA 

•os 

Output Short Circuit Current 

Vcc ~ Max, l||yj = 50^A, Iclock ~ 300/iA, 
VouT = O.OV 



-1.2 

mA 

CLOCK INPUT 

V,N , 

Iriput Voltage 

1 ifvj = 300/uA 

4.1 



V 



•in ~ 50/iA 



1.5 

V 

•iH 

Logical "1" Input High Current 


300 



ma 

I.L 

Logical "0" Input Low Current 




50 

ma 


MOTOR DRIVER 


•)N(PplNT) 

Input Current 

V,N= Vcc -1.5V 



250 

juA 

•iL(STOP) 

Input Low Current (Stop) 

Vcc = •'/••n, V,n(stop) = O-OV, 
(Stop Switch Closed) 

-270 



a»a 

V|H(STOP) 

Input High Voltage (Stop) 

Vcc ” Max, 1 1 N (STOP) “ O^A, 
(Stop Switch Open) 


■ 

1.35 

V 

VoL 

Output Low Voltage 

Vcc “ Min, VpRiNT ~ ^V, Iqut - 15 mA 



0.5 

V 

•ox 

Output Leakage Current 

Vcc ~ Max, IpBiNT ~ 50^A, Vstop ~ O.OV, 
Vqut = 15V 



100 

pA 
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electrical characteristics (con't) ossesa 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

COLOR DRIVER . 


Input Voltage 

1 iM ~ 250juA 

4.55 



V 



1 (N = 50^A 



1.65 

V 

VoL 

Output "OFF" Voltage 

Vec ~ Min, l|^ “ 50/iA, Iout ^ ^ mA 



0.4 

inBii 

*OH 

Output "ON" Current 

Vqq — Min, l|(>j — 250juA, Vqu-[- = 1.0V 

-8 


-18 

■BHI 

•CC(PEAK) 

Peak Supply Current 

Vec “ Max, VcoLUMN in/^print = 7V, 
fcLOCK /fcoLOR ~ 300/^A, (Note 6) 

in 

■ 

180 

mA 

fee (SB) 

Stand-by Supply Current 

Vee ~ Max, Vcolumn in/^print ~ OV, 
•color “ Iclock “ 300^A 

m 


55 

mA 

fcC(AVE) 

Average Supply Current 

Vec “ Max, Continuous Operation 



68 

mA 


absolute maximum ratings dss 694 (Note i) 

Supply Voltage 12V 

Input Voltage 

All Pins Except Pin 15 12V 

Pin 15 19V 

Output Voltage 12V 

Storage Temperature Range -65°C to +150°C 

L,ead Temperature (Soldering 10 seconds) 300°C 

dc electrical characteristics ds 8694 (Notes 


operating conditions 



MIN 

MAX 

UNITS 

Supply Voltage (Vq^) 8.5 

11.0 

V 

Temperature (T/^) 0 

-P70 

°c 

and 3) 




PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

COLUMN DRIVER 

, f|N 

Input Current 

V,N =Vcc-1.5V 



250 

juA 

VoL 

Output "OFF" Voltage 

Vec ~ Min, Ijj^ = 50/tA, Iclock ~ 300/tA, 
•out ^ 



0.4 

V 

•oh 

Output "ON" Current 

Vec ~ Min, V|(sj = 7.0V, Iclock ~ 300aiA, 

VouT = 10V 

-7 


-17 

mA 

•os 

Output Short Circuit Current 

Vec ~ Max, Ijivj = 50^A, Iclock ~ 300AtA, 

VouT=0.0V 



-1.2 

mA 

CLOCK INPUT 1 


Input Voltage 

l,N = 300HA 

4.1 



V 



I,n=50M 



. 1.5 

V 

f|H 

Logical "1" input High Current 


300 




I.L 

Logical "0" Input' Low Current 




50 

luA 

TIMING BUFFER | 

•in 

Input Current 

V,N = 17V 

380 


880 

nBsn 

Vql 

Output Low Voltage 

•out ~ BOfxA, V((vj = lOV 



0.5 

mm 

Vqh 

Output High Voltage 

Iout=-50/uA,v;n=7V 




V 

OSCILLATOR | 

fosc 

Frequency 

Vec = Max, R = 18k, C = O.OOIS^Fd, 
(Note 5) 

85 

100 

115 

kHz 

VoL 

Output Low Voltage 

Vec ~ Min, Iqut ~ 50nA 



0.5 

V 

VpH 

Output High Voltage 

•out ~ — 50^A 

q 

T 

o 

o 

> 



. ' V 

d ' 

Duty Cycle 

Vec “ Max 

4b 

50 ■ 

60 

% 

VqSC 

Osc. Vec Turn-On Voltage 


7.2 

7.7 

8.2 

V 

•CCCPEAK) 

■ Peak Supply Current 

Vec “ Max, VcoLUMN tN/VpRfNX 7V, 
•clock ~ 300juA, (Note 6) 



200 

mA 

fcC(SB) 

Stand-by Supply (Current 

Vec ~ Max, Vcolumn in/Vpriisjx OV , 
•clock 

■ 

■ 

55 

mA 

•CC(AVE) 

Average Supply Current 

Vec “ Max, Continuous Operation 


flHIIIHII 

62 

mA 









































































































ac electrical characteristics dss694 

Vcc “ 5.0V, Ta = 25° C (unless Otherwise specified) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

COLUMN DRIVERS (DS8693, DS8694) rF/pivre 

P'*'VcoLUMN 

Column In Pulse Width 


1.1 

360.0 


US 

P'^CLOCK 

Clock Pulse Width 


1.0 

150.0 


US 

td 

Delay of Column In Pulse After 
Clock Transitions to Low State 
for Output to Latch 





MS 

tpdO 

Propagation Delay to a Logical 
"0" From Clock to Column Out 
Output 

Column In = OV 

■ 

III 

10.0 

MS 

tpdl 

Propagation Delay to a Logical 
“I” From Clock to Column 
Output 

Column In = 7V 




MS 

^pdO 

Propagation Delay to a Logical 
"0” From Column In to Column 
Out 

Clock = 7V 


■ 

■ 

MS 

tpdl 

Propagation Delay to, a Logical 
"1" From Column In to Column 
Out 

Clock - 7V 





COLOR DRIVER (DS8693) 4; 1 

tpdO 

Propagation Delay to a Logical 
"0” From Color In to Color Out 





IIS 

tpdl 

Propagation Delay to a Logical 
"1" From Color In to Color Out 





MS 

1 MOTOR DRIVER (DS8693) | 

PWpRiNT 

- Print Signal Pulse Width 


1 



MS 

PWsTOP 

Stop Signal Pulse Width 


1 

3000 


MS 

PWcLOCK 

Clock Pulse Width 


1 

150 


MS 

tpdO 

Propagation Delay to a Logical 
“0” From Print to Motor Drive 
Out 





MS 

tpdl 

Propagation Delay to a Logical 
"1" From Motor Stop (High-to- 
Low Transition) to Motor Drive 
Out 

Print = O.OV, Clock = 7.0V 

■ 

■ 

10 

MS 

TIMING SIGNAL BUFFER (DS8694) 5 ; 

P^TIMING 

Timing Signal Pulse Width 



1 


ms 

tr 

Rise Time 

Cload - 35 pF 



500 

ns 

tf 

, Fall Time 

^LOAD 35 pF 



500 

ns 

tpdO 

Propagation Delay to a Logical 
"0” From Timing In to Timing 
Out 


■ 

■ 

10 

MS 

tpdl 

Propagation Delay to a Logical 
"1” From Timing In to Timing 
Out 




10 

MS 

CLOCK OSCILLATOR (PS8694) ('F/flft/re 7 ; ' | 

fosc 

Oscillator Frequency 

(Note 5) 

85 

100 

115 

kHz 

d 

Duty Cycle 


40 

50 

60 

, % 

t, 

Rise Time 

Cload ~'35 pF 



500 

ns 

tf 

Fall Time 

^LOAD ~ 35 pF 



500 

ns 
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Logic and Timing Diagrams 
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COLUMN IN II 

r~| COLUMN 

INFORMATION 
1 1 PULSE 

I -i*-| [-^OIGITTIME 

l-^WORDTIME 

— ^ [-•— PWcOLUMN 

COLUMN OUT 

1 1 


Switching Time Waveforms 



COLOR IN O* 



-6 COLOR OUT 


7V 

COLOR IN, V 

OV 
8 mA 

COLOR OUT, 1 

0 mA 


COLOR IN 


f 

J 




FIGURE 4. DS8693 Color Driver 


TIMING IN O 



-O TIMING OUT 



17V 


TIMING IN. V 


OV 




TIMING IN 


10V 


TIMING OUT, V 


OV 


r 


TIMING OUT 






FIGURE 5. DS8694 Timing Signal Buffer 


6-33 


DS8692, DS8693, DS8694 






DS8692, DS8693, DS8694 


Logic and Timing Diagrams 



MOTOR 

DRIVE 

OUT 


PRINT 1 

I— t^430ms 

■ PWpRINT ,1 

1 n 

CLOCK 




FT” 

MOTOR STOP j 1 
MOTOR DRIVE OUT j 

Mill 

1 1 1 II 
» t t » « 

1 1 1 1 1 
1 1 1 1 1 1 
1,1 i 1 l.l 


Switching Time Waveforms 



„ 9 

f- •AAAr-4 

0 



FIGURE 7.DS8694 Oscillator Diagram 
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NATIONAL 


Display Drivers 


DS8844, DS8855, DS8864, DS8865, DS8866 LED cathode drivers 


general description 

The DS8844, DS8855, DS8864, DS8865 and DS8866 
are cathode drivers for 7, 8 and 9 digit LED displays. 
They are designed to interface between MOS calculator 
or clock circuits supplying 2.0 mA, and LED displays 
operating up to 50 mA in a multiplex mode. The 
DS8864 and DS8866 feature a "low battery" indicator 
driver which will light a decimal point whenever a 9.0V 
battery drops below 6.5V typical. 


features 

■ Used with 50 mA LED displays 

■ "Low battery voltage" indicator 

■ Directly interfaced from MOS 

■ Inputs and outputs clustered for easy wiring 

■ Drivers consume no standby power 


connection diagrams (Dual in Une Packages) 


OUTPUTS 


Vcc 7 B 5 « 3 Z 1 



INPUTS 
TOP VIEW 

DS8844N 


OUTPUTS 








1 

llg 




ml 








INPUTS 
TOP VIEW 


DS8855N 


OUTPUTS 





1 







INPUTS 
TOP VIEW 


DS8864N 


OUTPUTS 



OS8865N 

typical applications 


OUTPUTS 



TOP VIEW 

DS8866N 


Typical Output 


OUTPUT 




*Vcc2 P'" 1 connection applicable only to DS88G4 and OS8866 
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DS8844. DS8855, DS8864, DS8865, DS8866 


absolute maximum ratings (Note 1) 

Supply Voltage 11V 

Input Voltage 11V 

Output Voltage 8.0V 

Storage Temperature Range -65° C to +125°C 

Lead Temperature (Soldering, 10 seconds) 300°C 


operating conditions 



MIN 

MAX 

UNITS 

Supply Voltage, Vqc 

5.0 

9.5 

V 

Temperature, T/\ 

0 

+70 

°c 


electrical characteristics (Note 2) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logical "1" Input Voltage 

Vcc = Iql = 50 mA 

4.5 

4.0 


mm 

l|H 

Logical "1" Input Current 

Vcc “ •^s’^ 

V,N = 6.5V 


1.3 

2.0 




V,n=4.5V 

0.50 



mA 

V,L 

Logical "0" Input Voltage 

1 Vcc = 1 



0.4 

V 

l|L 

Logical "0" Input Current 

1 Vcc = IVIaXr V 

IN = 0.4 V 


40 


juA 

•dpon 

Decimal Point Output Current 

Vcc = 6.00V, Vdp = 3.3V, Vi^g =4.5V, (Pin 1), (Note 3) 

-4.0 

-6.0 


mA 

•dpoff 

Decimal Point Output Current 

Vcc = 7.0V, Vdp = 1.0V, V,n9 = 4.5V, (Pin 1), (Note 3) 




ma 

•out 

Output Current 

Vcc = Min, V, 

IN =4.5V,Vol = 1-5V 

-50 



mA 

•cEX 

Output Leakage Current 

Vcc “ Max, V 

OH ~ 6.0V, 1 IN “ 40^A 


1.0 

40 

juA 

VoL 

Logical "0" Output Voltage 

Vcc = Min, V| 

IN = 4.5V, Iql ~ 60 mA 


1.0 


V 

•cci 

Supply Current 

Vcc = Max, V 

IN ~ 0 



0.1 

mA 

|CC2 

Decimal Point Supply Current 

Vcc ~ Max, V 

IN ~ 4.5V, Vcc 2 ~ Max 


1 

1.3 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for-actual device operation. 

Note 2: Unless otherwise specified, min/max limits apply across the 0°C to +70°C temperature range. All typical values applyf or T/s^ = 25°C. 
Note 3: Not applicable to DS8844, DS8855 or DS8865. 
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NATIONAL 


Display Drivers 


DS7856/DS8856, DS8857, DS7858/DS8858 
BCD-to-7-segment LED drivers 


general description 

This series of 7*segment display drivers fulfills a 
wide variety of requirements for most active high 
(common cathode) Light Emitting Diodes (LEDs). 
Each device fully decodes a 4-bit BCD input into 
a number from 0 through 9 in the standard 7- 
segment display format, and BCD numbers above 
9 into unique patterns that verify operation. All 
circuits operate off of a single 5.0V supply. 

The DS7856/DS8856 has active-high, passive pull- 
up outputs which provide a typical source current 
of 6.0 mA at an output voltage of 1.7V. The 
applications are the same as for the DM5448/ 
DM7448 except that more design freedom is 
allowed with higher source current levels. This 
circuit was designed to drive the MAN-4 or equiv- 
alent type display directly without the use of 
external current limit resistors, and replaces the 
MSD101. 

The DS8857 has active-high outputs and is de- 
signed to be used with common cathode LED's 
in the multiplex mode. It provides a typical source 
current of 50 mA at an output voltage of 2.3V. 


In addition, with the use of an external current 
limit resistor per segment, this circuit can be used 
In higher current non-multiplex LED applications. 
It replaces the MSD102. 

The DS7858/DS8858 has active high outputs 
with source current adjustable with the use of 
external current limit resistors, one per segment. 
This feature allows extreme flexibility In source 
current value selection for either multiplex or 
non-multiplex common cathode LED drive applica- 
tions. It allows the system designer freedom to tailor 
the drive current for his particular applications. 

features 

■ Lamp-test input 

■ Leading/trailing zero suppression (RBI and 
RBO) 

■ Blanking input that may be used to modulate 
lamp intensity or inhibit output 

■ TTL and DTL compatible 

■ Input clamping diodes 


connection diagram 


Dual-In-Line and Flat Package 

OUTPUTS 



TOP VIEW 


Order Number DS7856J, DS8856J, Order Number DS8856N Order Number DS7856W 

DS8857J, DS7858J, DS8858J or DS8858N or DS7858W 


output display 



SEGMENT IDENTIFICATION Q 1 2 3 4 5 6 7 8 9 10 11 12 13 14 IS 

NUMERICAL DESIGNATIONS - RESULTANT DISPLAYS 
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/PS8856, DS8857, DS7858/DS88 


00 

in 


absolute rnaximum ratings (Notei) 

operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage 7.0V 

Supply Voltage (Vcc) 




Input Voltage 5.5V 

DS7856, DS7858 

4.5 

5.5 

V 

Storage Temperature Range — 65°C to +150°C 

DS8856, DS8857 1 

4.75 

5.25 

V 

Lead Temperature (Soldering, 10 seconds) 300°C 

DS8858 » 




Power Dissipation 600 mW 

Temperature (T/\) 





bS7856, DS7858 

-55 

+125 

°c 


DS8856, DS8857 . j. 

0 

+70 

°c 


DS8858 » 





Output Voltage 





All Circuits 


5.5 

V 


Output Sink Current (per Segment) 




DS7856, DS8856 


6.4 ' 

mA 


Output Source Current (per 

Segment) 




DS8857 


60 

mA 


DS7858, DS8858 


50 

mA 

electrical characteristics (Note 2 ) The following is applicable to air parts; 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logical "1" Input Voltage 


2.0 



V 

V,L 

Logical "0" Input Voltage 




0.8 

V 

Vqh 

Logical "1" Output Voltage 

Vcc = Min, louT = -200 mA, BI/RBO Node 

2.4 

3.7 


V 

VoL 

Logical "0" Output Voltage 

Vcc = Min, l,N = 8.0 mA, BI/RBO Node 


0.3 

0.4 

V 

hn 

Logical "1" Input Current 



V,N = 2.4V 



40 

jUA 




V,N =5.5V 



1.0 

mA 

l|L 

Logical "0" Input Current 

Vcc = Max, V,N = 0.4V 

Except BI/RBO Node 



-1.6 

mA 



BI/RBO Node 



-4.2 

mA 

•sc 

Output Short Circuit Current 

Vcc = Max, BI/RBO Node 



-4.0 

mA 

VcD 

Input Clamp Voltage 

Vcc = 5.0V, Ta = 25°C, 1 

iiyi — 12 m A 



-1.5 

V 


output characteristics and supply current 

DS7856/DS8856 (Note 2) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VoL 


I 


OL 


I 


SC 


Logical "0" Output Voltage 
Outputs a through g 

Logical “1" Load Current Available, 
Outputs a through g 

Output Short Circuit Current 


V 


V 


V 


cc 


cc 


cc 


= Min, Iqut ~ 6.4 mA 


= 5.0V, VouT = 1-7V 


= Max, (Note 3) 


0.25 0.4 


-4.7 


- 6.0 


-12 


-7.5 


-15 


Outputs a through g 
Supply Current 


cc 


= Max 


DS7856 

DS8856 


90 ^ 

90 130 





















output characteristics and supply current (con't) 

DS8857, DS7858/DS8858 (Notes 2 and 3) 


PARAMETER 


CONDITIONS 


MIN TYP MAX UNITS 


Iql Logical "1" Load Current Available, Vcc = 5.0V, Vqut 2.3V, DS8857 

Outputs a through g 

Vqm Logical "1" Output Voltage, 

^ ^ Vcc = 5.0V, louT = -50 mA, (Note 4) 

Outputs a through g 

cc Supply Current Vqc === Max 


DS7858 2.7 

DS8858 2.9 



Note 1; "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Unless otherwise specified min/max limits apply across the -55"C to +125'^C temperature range for DS7856, and DS7858 and across the 
0°C to +70°C range for DS8856, DS8857 and DS8858. All typicals are given for Vqq = 5.0V and T/\ = 25°C. 

Note 3: Care must be taken in not shorting the outputs to ground while they are in the "1" state because excessive current flow would result from 
the Darlington upper stages. 

Note 4; Special care must be tken in the use of the DS7858 ceramic (J) and the DS8858 plastic (N) DIP'S with regard to not exceeding the maxi- 
mum operating junction temperature of the devices. The maximum junction temperature of the DS7858J is 175°C and must be derated based on 
a thermal resistance of 90°C/watt, junction to ambient. The maximum junction temperature for the DS8858N is 150°C and must be derated based 
on a thermal resistance of 120°C/watt junction to ambient. 


truth table 



Note 1; BI/RBO is wire-AND logic serving as blanking input (Bl) and/or ripple-blanking output (RBO). The blanking input (Bl) must be open or 
held at a logical "1" when output functions 0—15 are desired, and the ripple-blanking input (RBI) must be open or at a logical "1" if blanking of a 
decimal 0 is not desired. X = Input may be high or low. 

Note 2: When a logical "0" is applied directly to the blanking input (forced condition) all segment outputs go to a logical "1" regardless of the 
state of any other input condition. 

Note 3: When the ripple-blanking Input (RBI) and inputs A, B, C and D are at logical "0," with the lamp test input at logical "1," all segment out- 
puts go to a logical "1" and the ripple-blanking output (RBO) goes to a logical "0" (response condition). 

Note 4; When the blanking input/ripple-blanking output (BI/RBO) is open or held at a logical "1," and a logical "0" is applied to the lamp-test 
Input, ail segment outputs go to a logical "0." 
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NATIONAL 


Display Drivers 


DS8859, DS8869 open collector hex latch LED drivers 


general description 

The DS8859, DS8869 are TTL compatible open collector 
hex latch LED drivers with programmable current sink 
outputs. The current sinks are nominally set at 20 mA 
but may be adjusted by external resistors for any value 
between 0—40 mA. Each device contains six latches 
which may be set by input data terminals. An active 
low strobe common to all six latches enables the data 
input terminals. The DS8859 current sink outputs are 
switched on by entering a high level into the latches and 
the DS8869 current sink outputs are switched on by 
entering a low level into the latches. 


The devices are available in either a molded or cavity 
package. In order not to damage the devices there is a 
limit placed on the power dissipation allowable for each 
package type. This information is shown in the graph 
included in this data sheet. 

features 

■ Built-in latch 

■ Programmable output current 

■ TTL compatible inputs 

■ 40 mA output sink 


logic diagram 


output circuit 




connection diagram 


truth table 


Dual-In-Line Package 

Vcc Iadj input 1 OUTPUT 1 INPUT 2 OUTPUT 2 INPUTS OUTPUTS 



STROBE INPUTS OUTPUT 6 INPUTS OUTPUTS INPUT 4 OUTPUT 4 GND 
TOP VIEW 


COMMON 

STROBE 

INPUT 

DATA 

DS8859 

OUTPUT 

(t+1) 

DS8869 

OUTPUT 

(t+1) 

0 

0 

OFF 

ON 

0 

1 

ON 

OFF 

1 

X 

OUTPUT (t) 

OUTPUT (t) 


Order Number DS8859J, DS8869J 
or DS8859N, DS8869N 
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DS8859, DS8869 



DS8859, DS8869 


absolute maximum ratings (NoteD 

operating conditions 








MIN 

MAX 

UNITS 

Supply Voltage 

Input Voltage 

Output Voltage 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

7V 

5.5V 

5.5V 

-65° C to +T50°C 
300°C 

Supply Voltage, Vqq 
Temperature, Ta 


4.75 

0 

5.25 

>70 

V 

°c 

electrical characteristics (Notes 2 and 3) 







PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H Logical "I” Input Voltage 

Vec = Min 

2.0 



V 

I|H Logical "1" Input Current 

Vec = Max, V,N = 2.4V 



40 

juA 

V,|_ Logical "0" Input Voltage. 


hh 

[HH 

0.8 

V 

IjL Logical "O” Input Current 

Vec = Max, V,^, = 0.4V 


-1.0 

-1.6 

mA 

VcD Input Clamp Voltage 

1 1 (\j ~ 1 2 mA 


-1.1 

-1.5 

V 

Iqh Logical " 1 " Output Current 

Vec = Min, V,L = 0.8V, Vqh 

= 5.5V, V,H 

= 2.0V 



HI 

ma 

VoL Logical "0" Output Voltage 

Vec = Min,'V,L =0.8V, Iql = 
V,H = 2V, VffyDj ='VccMIN 

16 mA, 


0.4 


■ 

V 

Ice Supply Current 

Vec ~ Max, Current Sources "OFF," 
(See Truth Table), (Note 4) 




mA 

•sink Output Current 

Vec = 5.0V, VouT = 2 0V, 

V|adj “ 

Vcc MIN 

40 



mA 


Ta = 25°C, (Note 4) 

•adj = c!)pen 

12 

20 

26 

mA 

switching characteristics 

1 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpdo Propagation Delay to a Logical "0” 

Vec = 5.0V, Ta = 25°C, Cqut = 15 pF, 

Data to Output 



36 

ns 


Rl = 390n, (Note 5) 


Strobe to Output 



50 

ns 

tpdi Propagation Delay to a Logical ”1” 

Vec = 5.0V, Ta = 25°C, Cqut = 15 pF, 

Data to Output 



150 

ns 


Rl =3900, (Notes) 


Strobe to Output 




ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified mln/max limits apply across the 0°C to +70°C temperature range. All typicals are given for V^q - 5.0V and 
Ta = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 

Note 4: See graphs for changes in IsiNK versus changes In temperature and Vqq. 

Note 5: CquT includes device output capacitance of approximately 8.5 pF and wiring capacitance. 
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typical performance characteristics 


Max Power Dissipation Curves 




V 



\ 

\ 

CAVITY 
PACKARD (.11 


\ 





\ 


\ 



ILOEo' 



V 

PACKAGE (N) 

V 



: 





Vcc = 5V 
CURVE ASSUM 
-BEING ON ATT 

J 

ESALLI 
A = 70°( 

'vj 

lUTPUT! 



1.0 2.0 3.0 4.0 5.0 

VOLTS ACROSS OUTPUT 



3.0 4.0 

V.ADJ (VOLTS) 



^ 'SINK/VcC 


-60 -30 0 30 60 90 120 

TEMPERATURE (°C) 



Vcc (VOLTS) 


*SINK adjustment circuit 


r' 



IadJ be programmed by i 
voltage source or by resistors. 


FIGURE 1. 
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Display Drivers 


NATIONAL 


DS8861 MOS-to-LED 5-segment driver 
DS8863 MOS-to-LED 8-digit driver 
DS8963 MOS-to-LED 8-digit driver 


general description 

The DS8861, DS8863 and DS8963 are designed 
to be used in conjunction with MOS integrated 
circuits and common-cathode LED's in serially 
addressed multi-digit displays: 

The DS8861 is a 5-segment driver capable of 
sinking or sourcing up to 50 mA from each driver. 

The DS8863 is an 8-dlgit driver. Each driver is 
capable of sinking up to 500 mA. 

the DS8963 is identical to the DS8863 except 
it is intended for operation at up to 18V. 


features 

■ 50 mA source or sink capability 
per driver, DS8861 


500 mA sink capability 
per driver, DS8863, DS8963 

MOS compatibility (low Input current) 

Low standby power 

High gain Darlington circuits 





6^4 



absolute maximum ratings 


Input Voltage Range (Note 1) -5V to Vss 

Collector (Output) Voltage (Note 2) lOV 

Collector (Output)-to-lnput Voltage 10V 

Emitter-to-Ground Voltage (V| > 5V) 10V 

Emitter-to-Input Voltage 5V 

Voltage at Vss Terminal With Respect to 
Any Other Device Terminal 
Collector (Output) Current 

Each Collector (Output) 50 mA 

All Collectors (Output) 200 mA 

Continuous Total Dissipation 800 mW 

Operating Temperature Range 0°C to +70°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec) 300°C 


DS8863 

-5V to Vss 
10V 
10V 


500 mA 
600 mA 
800 mW 
0°C to +70°C 
-65°Cto+150°C 
300°C 


DS8963 

-5V to Vss 
18V 
18V 


500 mA 
600 mA 
800 mW 
0°C to +70°C 
-65°Cto+150°C 
300°C 


dc electrical characteristics 

DS8861 (Vss = 10V, T^ = 0°C to +70°C unless otherwise noted) 


PARAMETER CONDITIONS 


VcEON "ON” State Collector Emitter Voltage 


Input = 8V through 1 kJ2, Vg = 5V, | T^ = 25 C 
Ic = 50 mA 


"OFF" State Collector Current 


Input Current at Maximum Input Voltage 


Emitter Reverse Current 
Current Into Vqe Terminal 


Vc = 10V, Ve 


I IN =40mA 
V,N =0.7V 


V,M = lOV, Ve =0, Ic =20 mA 


V,N=0, Ve=5V,1c=0 



DS8863/DS8963 (Vss = 10V, T^ =0 C to +70 C unless otherwise noted) 


PARAMETER 

CONDITIONS 

VoL 

Low Level Output Voltage 

I Ta=25°C 



V|{yj “ 7V, Iqut "" 500 mA 

•oh 

High Level Output Current 

V 10V* 'in=40mA 



V,„=0.5V 

li Input Current at Maximum Input Voltage | 

V,N = 10V, loL = 20 mA 

•ss 

Current Into Vss Terminal 



*18V for the DS8963 

ac switching characteristics 

DS8861 (Vss = 7.5V, Ta = 25°C) 


DS8863/DS8963 (Vss = 7.5V, Ta = 25 C) 


PARAMETER 


tpLH Propagation Delay Time, Low-to-High Level Output 

tpHL Propagation Delay Time, High-to-Low Level Output 


Note 1; The input is the only device terminal which may be negative with respect to ground 
Note 2: Voltage values are with respect to network ground terminal unless otherwise noted. 



PARAMETER 

CONDITIONS 

tpLH Propagation Delay Time, Low-to-High Level Output (Collector) 

V,H =4.5V, Ve =0 

tpHL Propagation Delay Time, High-to-Low Level Output (Collector) 

Rl =200n,CL = 15pF 
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DS8861, DS8863, DS8963 


ac test circuits and waveforms 




OS8861 


DS8863 



NOTE 1: THE PULSE GENERATOR HAS THE FOLLOWING CHARACTERISTICS: Zout " S0i2< 
PRR = 100 KHz, tw = til*. 

NOTE 2: Cl INCLUDES PROBE AND JIG CAPACITANCE. 
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NATIONAL 

DS8867 8-segment driver 
general description 

The DS8867 is an 8-segment driver designed to be driven 
from MOS circuits operating at 8V ±10% minimum 
Vss supply and will supply 14 mA to a LED display. 
The output current is insensitive to Vcc variations. 


Display Drivers 


features 

■ Internal current control— no external resistors 

■ 100% efficient, no standby power 

■ Operates in three and four cell battery systems 

■ Inputs and outputs grouped for easy PC layout 


schematic and connection diagrams 


(18) 



typical application 


Dual-In-Line Package 

Vcc 0UT1 OUT 2 OUT 3 OUT 4 OUT 5 OUT 6 OUT 7 OUT 8 



Typical 3 Cell Scientific Calculator Circuit 
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DS8867 


absolute maximum ratings (Note i) 

operating conditions 



Supply Voltage 7V 

Input Voltage l6v 

Output Voltage lOV 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Supply Voltage, S/qq 
Temperature, T^ 

MIN 

3.3 

0 

MAX 

6.0 

+70 

UNITS 

V 

electrical characteristics (Note, a) 






PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logical "1" Input Voltage 

Vcc =Min, V 

OH =2.3V,I,h =500M, 


4.9 

5.4 

V 

IlL 

Logical "0" Input Current 

Vcc = Max, V 

OL = 1-8V, V,L =2.0V 


mm 

10 

. mA 

Iqh 

Logical "1" Output Current 

Vcc = Min, Vqh = 2.3V, 1 ,h = BOO^uA 

-8 

mm 


mA 

•oL 

Logical "0" Output Current 

Vcc = Max, V 

OL = 1-OV, V,L = 1.3V 


nQm 

mimQijin 

ma 

•CC OFF 

Supply Current 

Vcc ~ Max 

All VoL = 1-OV, V,L = 1.3V, (Standby) 


4 


(uA 

•cc ON 


All Vqh =2.3V, V,h = 7.8V 



150 

mA 


Note 1; "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C 
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NATIONAL 


Display Drivers 


DS8868 12-digit decoder/driver 


general description 


features 


The DS8868 is a 12-digit decoder/driver designed to 
drive LED displays like the NSA5101 from the MM5758 
calculator chip or equivalent which supplies a 4-line 
coded input (see truth table). It is designed to operate 
from a 3 cell battery (3.3V to 4.5V) and features a 
low battery indicator. The DS8868 can sink up to 
1 10 mA min on each output. 


Direct interface with MM5758 calculator 
Low battery indicator 
110 mA sink capability 
Low voltage operation 


connection diagram equivalent schematic 


Dual-1 n-Line Package 



Order Number DS8868J or DS8868N 



truth table 
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DS8868 


absolute maximum ratings (Note i) 

operating conditions 






MIN 

MAX 

UNITS 

Supply Voltage 

Input Current 

Output Voltage 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

6V 
10 mA 
9V 

-65 to +150®C 
300° C 

Supply Voltage, Vqc 
T emperature, Ta 

3.3 

0 

4.5 

+70 

V 

°c 

electrical characteristics 

(Notes 2 and 3) 






PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

l|H 

Logical "1" Input Current 

Vcc = l^in. Selected Output Vql < 0-4V 


300 

450 

ma 

V,LV 

Low Voltage Indicator (Measured 
on Pin 15) 

Vcc = 3.1V, Ta = 25° C, l,Nc = I,nd = 450iuA 

2.8 



V 

l|L 

Logical "0" Input Current 

Vcc ~ Selected Output Iqm ^ SO^tA 

100 

300 


juA 

•oh 

Logical "1" Output Current 

Vcc = Vqh = 7.0V, All Outputs "OFF" 



100 

nA 

o 

> 

Logical "0" Output Voltage 

' Vcc ~ Min, Iql ~ 110 mA 



0.5 

V 

•cc 

Supply Current "OFF" 

Vcc “ *^9^' All Outputs "OFF", Vqh 5V 



8.0 

mA 

•cc 

Supply Current "ON" 

Vcc “ Output Selected 



11.0 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Conditions" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range. All typicals are given for Vqc 4.0V and T/s^ = 25°C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


typical application 


Typical 3-Cell Scientific Calculator Circuit 
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Display Drivers 

NAHONAL 


DS8870 hex LED digit driver 


general description 

features 

The DS8870 is an interface circuit designed to be used in 
conjunction with MOS integrated circuits and common- 
cathode LED's in serially addressed multi-digit displays. 
The number of drivers required for this time-multiplexed 
system is minimized as a result of the segment-address- 

■ Sink capability per driver— 350 mA 

■ MOS compatibility (low input current) 

■ Low standby power 

and-digit-scan method of LED drive. 

■ High-gain Darlington circuits 


schematic and connection diagrams 


DS8870 (Each Driver) 


Dual-1 n-Line Package 


1A 6Y 6A 


5A 5Y 4A 




1Y 2Y ZA GND 3A 3Y 4Y 


Order Number DS8870N 
or DS8870J 
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DS8870 




absolute maximum ratings (Notei) 


Input Voltage Range (Note 4) 

-5V to Vss 

Collector Output Voltage 

10V 

Collector Output to Input Voltage 

10V 

Voltage at Vss Terminal with Respect to 


Any Other Device Terminal 

10V 

Collector Output Current 


Each Collector Output 

350 mA 

A|l Collector Outputs 

600 mA 

Continuous Total Dissipation 

800 mW 

Operating Temperature Range 

0°C to +70°C 

Storage Temperature Range 

-65°C to-H50°C 

Lead Temperature (Soldering, 10 seconds) 

300°C 


dc electrical characteristics (Vss= iov,TA = o°cto+7o°c) {Notes2and3) 


PARAMETER | 

CONDITIONS 

MIN 1 

TYP 

MAX 

UNITS 

VoL 

Low Level Output Voltage 

Input = 6.5V through 1 kr2, 
louT = 350 mA, Ta = 25°C 

■ 

1.2 

1.4 

V 

VqL 

Low Level Output Voltage 

Input = 6.5V through 1 kO, 
Iqut ~ 350 mA 

■ 

■ 

1.6 

V 

*OH 

High Level Output Current 

VoH= 10V, I,n = 40mA 



200 

(J-A 

*OH 

High Level Output Current 




200 

ma 

li input Current at Maximum Input Voltage 

HBBflSEBIIill 



3.3 

mA 


Current Into Vss Terminal 




1 

mA 

ac 

switching characteristics (Vss = 7.5 V, t^ = 25°o 





PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpLH 

Propagation Delay Time, Low-to-High Level Output 

V,h = 7.5V, RL = 39n, 
Cl=15pF 


300 

■ 

ns 

I^PHL 

Propagation Delay Time, High-to-Low Level Output 

V,h = 7.5V, RL = 39n, 
Cl = 15 pF 

■ 

30 

■ 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2; Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4; The input is the only device terminal which may be negative with respect to ground. 
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Display Drivers 

NATIONAL 

DS8871, DS8872, DS8873, DS8977 saturating LED cathode drivers 
general description 

The DS8871, DS8872, DS8873 and DS8977 are bipolar 
integrated circuits designed to interface between MOS 
calculator circuits and common cathode LED displays 
operating in the multiplexed mode with a digit current 
of up tp 40 milliamps. The DS8871 Is an 8-digit driver; 
the DS8872 is a 9-digit driver; and the DS8873 is a 9- 
diglt driver with a built-in battery condition indicator 
that turns on the digit 9 decimal point when the battery 
voltage drops to 6.5V (typical). The DS8977 is a 7-digit 
version of the DS8873. In a typical calculator system 
operating on a 9V battery, the low battery indicator 

schematic and connection diagrams 


DS8871 



comes on as a warning that the battery should be re- 
placed. But the calculator (MM5737 or equivalent) will 
still function properly for awhile. 

features 

■ Single saturating transistor output 

■ Low battery indicator 

■ MOS compatible inputs 

■ Inputs and outputs clustered for easy wiring 

■ Drivers consume no standby power 



Duai-ln-Line Package 

OUTPUTS 



TOP VIEW 

Order Number DS8977N 


Dual-1 n-Line Package 

OUTPUTS 


ni 


nn 


) r 



kkkk 

1’ ^ 
NC 9 

3 4 

8 7 { 

5 6 7 

i 5 4 

INPUTS 
TOP VIEW 

8 9 10 |l1 

3 2 1 GNO 


*Make no connection to these pins. 
Order Number DS8872N 


Dual-in-Line Package 

OUTPUTS 



TOP VIEW 

Order Number DS8871N 


Dual-1 n-Line Package 

OUTPUTS 


In 91 9 

n 



uul 

&A 

4 5 

1 — ^ — 
- — i' — > — 

AAAi 

8 9 10 |n 


9 8 7 8 5 3 2 GNO 

INPUTS 
TOP VIEW 

Order Number DS8873N 
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DS8871, DS8872, DS8873, DS8977 





DS8871, DS8872, DS8873. DS8977 


absolute maximum ratings (Note i ) 


Supply Voltage 
Supply Voltage (Note 4) 

Input Voltage 

Output Voltage 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


Vcci = 11 V 
VcC2=11V 
11V 
8V 

-65°C to+125°C 
300°C 


operating conditions 


MIN MAX UNITS 

Supply Voltage, Vqqi 4.0 9.5 V 

Supply Voltage, Vqq 2 (Note 4) 4.0 9.5 V 

Temperature, Ta 0 +70 °C 


electrical characteristics (Notes 2 and 3 ) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

IlL 

Logical "0" Input Current 

V,N = 0.4V 


1 

45 

IJlA 

IlH 

Logical "T" Input Current 

V,n=4.5V 


■BH 

2.5 


Vql 

Logical "0" Output Voltage 

y,N = 3.2V, Iql = 40mA 


wm 

0.5 


•OL 

Logical "0" Output Current 

V,n = 3.2V, Vol = 0.5V 

40 




•CEX 

Output Leakage Current 

Voh= 6.0V, l,N=25/iA 



40 

ma 

•dP(ON) 

Decimal Point Output Current 

Vcc2 = 6.25V, Vdp = 2.5V, V.^g = 3.2V 
(Note 4) 


-7.0 


mA 

IdP(OFF) 

Decimal Point Output Current 

Vcc2 = 7.0V, V|N9 = 3.2V, Vdp = l.OV 
(Note 4) 


m 

-100 

, ma 

•cci 

Supply Current, Vcci 

Vcci = 6.5V, V,N = O.OV 


1 

100 

ma 

•cC2 

Supply Current, Vcc 2 

Vcc 2 = 1 1-3V, V|M 9 = 4.5V (Note 4) 




mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: Applies to DS8873 only. 


typical applications 



FIGURE 1. 4-Cell System FIQURE 2. 9V System 
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Display Drivers 

Advance Information* 


NATIONAL 

DS8874, DS8876, DS8879 9-digit shift 
general description 

The DS8874, DS8876 and DS8879 are 9-digit LED 
drivers which incorporate a shift register input decoding 
circuit and a low battery indicator. Their outputs will 
sink 50 mA at less than 0.5V drop when sequentially 
selected. The DS8874 outputs are collectors pulled up 
to Vcc with internal 20k resistors. The DS8876 and 
DS8879 outputs are open collectors. When the Vcc 
supply falls below 6.5V typical on the DS8874 or 4.3V 
typical on the DS8876 or 3.2V typical on the DS8879, 
pin 13 will supply segment current at digit 9 time to 
indicate a low battery condition. This pin is generally 
connected to the decimal point segment on the display 
so that when a low battery condition exists, the left-most 


input LED drivers 


decimal point lights up. The digit drivers are intended to 
be used with the MM5784N five-function, nine-digit 
accumulating memory calculator circuit, or any other 
circuit which supplies the nine-digit information in a 
similar serial format. 

features 

■ 50 mA digit sink 

■ Low battery indicator 

■ Minimum number of connections 

■ MOS compatible inputs 


connection diagram 

Duat-ln-Line Package 

LOW 

BATT. 

OUT OUTo OUTg OUT, OUT 



equivalent schematic 



20k (DS8B74 ONLY) 


CLOCK DSt5 
PULSE 


OUTz OUT 3 OUT 4 GNO 


Order Number DS8874J, DS8876J, DS8879J 
DS8874N, DS8876N or DS8879N 


typical application 


Typical Application of the DS8874 Digit Driver with the MM5784 5-Function 
Calculator Circuit, NSA1298 9-Digit LED Display and a 9V Battery. 



^Specifications may change 
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DS8874, DS8876, DS8879 



absolate mexiinum ratings (Note i) 

operating conditions 





MIN 

MAX 

UNITS 

Supply Voltage 10V 

Input Voltage lOV 

Output Voltage 10V 

Storage Temperature Range -€5°C to +150'’C 

Lead Temperature (Soldering, 1 0 seconds) 300°C 

Supply Vpitage, V^c 
DS8874 
DS8876 
DS8879 . 

Temperature, T^ 

6.0 

4.4 

3.3 

0 

9.5 
6.0 

4.5 

+70 

> > > o 

electrical characteristics 






PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logical "1" Input Voltage 

Vcc = •'^ax 

3.0 



V 

I.H 

Logical "1" Input Current 

Vcc = IVlax, V,N = 6.5V 

0.35 

^ 0.6 

1.0 : 

mA 

V,L 

Logical "0" Input Voltage 

Vcc ~ 



0.8 

V 

l|L 

Logical "0" Input Current 

Vcc = IVlax, V,N = 0.8V 


0.05 - 

0.1 

mA 

VccL 

Decimal Point "ON" 


DS8874 



6.0 

V 



Vdp = 2.3V, ldp = -4mA, O 9 = Vql 

DS8876 



4.0 

V 




DS8879 



3.1 

V 

^CCH 

Decimal Point "OFF" 


DS8874 

7.0 

6.5 


V 



Vdp = LOV, Idp = -10M, O 9 = VoL 

DS8876 

4.7 

4.4 


V 




DS8879 

3.5 

3.3 


V 

VOH 

Logical "1" Output Voltage 

Vcc ~ IVax, Output Not Selected 

DS8874 Only 

9.0 



V 

•oh 

Logical "1" Output Current 

Vcc “ •'^ax, Output Not Selected 

, DS8876, DS8879 



20 

UA 

VoL 

Logical "0" Output Voltage 

Vcc “ Output Selected, Iq^ = 50 mA 



0.5 

V 

•OL 

Logical "0" Output Current 

Vcc ~ Output Selected, Vql ~ 0.5V 

50 



mA 

•cc 

Supply Current 

Vcc ~ •'^ax. One Output Selected 

.-.i — 


Hitt 

9.0 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70”C range. AM typicals are given for T^ = 25°C, 

Note 3: All currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


timing diagram (Upper Level More Positive) 
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DS8877 






absolute maximum ratings (Notei) 

None Required 
10V 
10V 
Oto +70^C 
-65°C to +150°C 
300°C 


electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,H 

Logical "1" Input Voltage 


5.0 



V 

«IH 

Logical "1" Input Current 

V,h=5.0V 



1.2 

mA 

VlL 

Logical “0" Input Voltage 




0.35 

V 

II 

Logical "0" Input Current 

V,L = 0.35V 



20 

mA 

•cEX 

Logical "1" Output Current 

Vc = 8.0V* V,N = 0.35V 



100 

iuA 

Vql 

Logical "0" Output Voltage 

loL=35mA, V,N =5.0V 



0.5 

nmn 

*OL 

Logical "0" Output Current 

VoL = 0.5V, V,N = 5.0V 

35 

50 




Notei: "Absolute Maximum Ratings" are those values beyohd which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditioho for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply acrpss the 0°C to +70°C range. All typicals are given for T/\ = 25°C. 

Note 3: All currents into device pins shown'as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


Supply Voltage 

Input Voltage 

Output Voltage 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


typical application 
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Display Drivers 


DS7880/DS8880 high voltage 7-segment decoder/driver 
(for driving Panaplex and Sperry/Beckman displays) 

general description 


The DS7880/DS8880 is custom designed to de- 
code four lines of BCD and drive a gas-filled 
seven-segment display tube. 

Each output constitutes a switchable, adjustable 
current sink which provides constant current 
to the tube segment, even with high tube anode 
supply tolerance or fluctuation. These current 
sinks have a voltage compliance from 3V to 
at least 80V; typically the output current varies 
1% for output voltage changes of 3 to 50V. Each 
bit line of the decoder switches a current sink on 
or off as prescribed by the input code. Each 
current sink is ratioed to the b-output current 
as required for even illumination of ail segments. 

Output currents may be varied over the 0.2 to 1.5 
mA range for driving various tube types or 
multiplex operation. The output current is ad- 
justed by connecting an external program resistor 


(Rp) from Vcc the Program input in accor- 
dance with the programming curve. The circuit 
design provides a one-to-one correlation between 
program input current and b-segment output 
current. 

The Blanking Input provides unconditional blank- 
ing of any output display, while the Ripple Blank- 
ing pins allow simple leading- or trailing-zero 
blanking. 

features 

■ Current sink outputs 

■ Adjustable output current - 0.2 to 1.5 mA 
High output breakdown voltage - 110V typ 

■ Suitable for multiplex operation 

■ Blanking and Ripple Blanking provisions 

■ Low fan-in and low power 


logic and connection diagrams 



a OUTPUT 
b OUTPUT 
c OUTPUT 
t) OUTPUT 
e OUTPUT 
» OUTPUT 
9 OUTPUT 

CURRENT 

PROGRAMMING 

INPUT 


Duai-ln-Line Package 
OUTPUTS 



INPUTS INPUTS 


TOP VIEW 

Order Number DS7880J or DS8880J 
Order Number DS8880N 
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DS7880/DS8880 




DS7880/DS8880 


absolute maximum ratings (Notei) operating conditions 





MIN 

MAX 

UNITS 

Vcc 

Input Voltage (Except Bl) 
input Voltage (Bl) 
Segment Output Voltage 

7V 

6V 

Vcc 

80V 

Supply Voltage (Vcc) 
DS7880 
DS8880 

4,5 

4.75 

5.5 

5.25 

V 

V 

Power Dissipation 

600 mW 

Temperature (T/^) 




Transient Segment Output Current (Note 4) 

50 mA 

DS7880 

-55 

f125 

c 

Storage Temperature Range 

-65Cto150®C 

DS8880 

0 

+ 70 

c 

Lead Temperature (Soldering, 10 sec) 

300® C 






electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V,n Logical "1" Input Voltage 

Vcc = Min 

2.0 



V 

V|L Logical "0" Input Voltage 

Vcc = Min 



0.8 

V 

Vqh Logical "1" Output Voltage 

Vcc ^ Min, Iqut ~ ~200/^A, RBO 

2.4 

3.7 


V 

Vql Logical "0" Output Voltage 

Vcc “ Min, Iqut ~ ® mA, RBO 


0.13 

0.4 

V 

l(H Logical "1" Input Current 

Vcc ~ Max, Except Bl 

V,N =2.4V 


2 

15 

(jlA 

V,N = 5.5V 


4 

400 

IJ.A 

liL Logical "0” Input Current 

Vcc = Max, V,N = 0.4V 

Except Bl 


-300 


luA 

Bl 


-1.2 

-2.0 

mA 

Ice Power Supply Current 

Vcc ~ Max, Rp = 2.2k, All Inputs = OV 


27 


mA 

VcD Input Diode Clamp Voltage 

Vcc ~ Max, T^ — 25 C, l||vj. = 12 mA 


-0.9 

-1.5 

V 

A|q SEGMENT OUTPUTS 

"ON” Current Ratio 

All Outputs = 50V, 
louT^ “ Ref. 

Outputs a, f, and g 

0.84 

0.93 



Output c 

1.12 

1.25 

1.38 


Output d 

0.90 

1.00 

1.10 


Output e 

0.99 

1.10 

1.21 


•b oiM Output b "ON" Current 

Vcc =5V,VouTb = 50V, 
Alt Other Outputs > 5V, 
Ta = 25®C 

Rp = 18.1k 

0.15 

0.20 

0.25 

mA 

Rp = 7.03k 

0,45 

0.50 

0.55 

mA 

Rp = 3.40k 

0.90 

1.00 

1.10 

mA 

Rp = 2.20k 

1.35 

1.50 

1.65 

mA 

VsAT Output Saturation Voltage 

Vcc = Min, Rp = 1k±5%, lourb = 2 mA, (Note 5) 


0.8 

2.5 

V 

•cEX Output Leakage Current 

VouT = 75V, Bl = OV, Rp = 2.2k 


0.003 

3 

fj-A 

VgR Output Breakdown Voltage 

louT = 250/iA. Bl = OV, Rp = 2.2k 

80 

110 


V 

tpd Propagation Delays 

BCD Input to Segment Output 

Vcc = 5V, Ta = 25°C 


0.4 


MS 

Bl to Segment Output 


0.4 

10 

MS 

RBI to Segment Output 


0.7 

10 

MS 

RBI to RBO 


0.4 

10 

MS 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 65®C to +125°C temperature range for the DS7880 and across the 0°C to 
+70® C range for the DS8880. All typical values are for T^ = 25®C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in dc applications by connecting 
a 2.2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode driS/er in multiplex applications. 

Note 5: For saturation mode the segment output currents are externally limited and ratioed. 
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b OUTPUT CURRENT (mA) 


typical performance characteristics 


Output Current Programming 
10.0 r r-r-i t it i' i t ' i — 



On Currents vs Temperature 


immamms 




Rp <=^0 TEMP COE FF 


0.2 mA^louT^ 10mA | 


Output Characteristic 



OUTPUT VOLTAGE (V) 


typical application 


truth table 



DECIMAL 

OR 

FUNCTION 

0 

1 

2 

3 

4 , 

5 

6 
7 


0 1 0 
i 0 0 0 

I 0 0 0 
0 0 0 


0 0 0 0 


SEGMENT 

IDENTIFICATION 


0 0 0 0 


*Bi/RBO used as input only 


"^X = Don't care 


DS7880/DS8880 






Display Drivers 


NATIONAL 


DS8884A high voltage cathode decoder/driver 

(for driving Panaplex if^and Sperry/Beckman displays) 


general description 

The DS8884A Is designed to decode four fines of 
BCD input and drive seven-segment digits of gas- 
filfed readout displays. Two separate Inputs are 
provided for driving the decimal point and comma 
cathodes. 

All outputs consist of switchable and program- 
able current sinks which provide constant current 
to the tube cathodes, even with high tube anode 
supply tolerance. Output currents may be varied 
over the’ 0.2 to 1.2 mA range for multiplex opera- 
tion. The output current is adjusted by connecting 
an external program resistor (Rp) from Vcc to the 


program input in accordance with the programming 


features 

■ Usable with AC or DC input coupling 

■ Current sink outputs 

■ High output breakdown voltage 

■ Low input load current 

■ Intended for multiplex operation. 

■ Input pullups increase noise immunity 






absolute maximum ratings (Note 1) operating conditions 


Vcc 

7V 


MIN 

MAX 

UNITS 

Input Voltage (Note 4) 
Segment Output Voltage 

00 < 
oo 
<o 

Supply Voltage (Vqq) 

4.75 

5.25 

V 

Power Dissipation 

Transient Segment Output Current (Note 5) 
Storage Temperature Range 

600 mW 
50 mA 
-65°Cto +150°C 

Temperature (T^) 

0 

+70 

°c 


electrical characteristics (0°C<Ta <70°c- unless otherwise noted) (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

MAX 

UNITS 

V,H 

Logical Input Voltage 

Vcc = 4.75V 

2.0 


V 

V,L 

Logical “0” Input Voltage 

Vcc = 4.75V 


1.0 

V 

IlH 

Logical “1" Input Current 

Vcc = 5.25V, V,N =2.4V 


15 

mA 

IlL 

Logical "0” Input Current 

Vcc = 5.25V, V,N =0.4V 


-250 

ma 

•cc 

Power Supply Current 

Vcc = 5.25V, Rp ^ 2.8k, All Inputs = 5V 


40 

mA 

V,. 

Positive Input Clamp Voltage 

Vcc = 4.75V, l,N = 1 mA 

5.0 


V 

V,- 

Negative Input Clamp Voltage 

Vcc =5V, l,N =-12mA, T^ 

= 25^C 


-1.5 

V 

^lo 

SEGMENT OUTPUTS 
"ON" Current Ratio 

All Outputs = 50V, Iqut 5 = 

Ref., All Outputs 

0.9 

1.1 


lb ON 

Output b "ON" Current 


; Rp = 18.1k 

0.15 

0.25 

mA 



Vcc = 5V, VouT b = 50V, 

Rp = 7.03k 

0.45 

0.55 

mA 



Ta = 25°C 

Rp = 3.40k 

0.90 

1.10 

mA 




Rp = 2.80k 

1.08 

1.32 

mA 

•CEX 

Output Leakage Current 

VouT = 75V 


5 

mA 

Vbr 

Output Breakdown Voltage 

louT ~ 250//A 

80 


V 

Vd 

Propagation Delay of Any 
Input to Segment Output 

Vcc = 5V, Ta = 25°C 


10 

MS 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C temperature range for the DS8884A. All typical values are for 
Ta = 25°C and Vcc = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: This limit can be higher for a current limiting voltage source. 

Note 5; In all applications transient segment output current must be limited to 50 mA. This may be accomplished in dc applications by connecting 
a 2.2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode driver in multiplex applications. 


truth table 


typical application 



typical performance characteristics (see ds78so data sheet) 
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DS8884A 




DS7885/DS8885 


NATIONAL 


Display Drivers 


DS7885/DS8885 MOS to high voltage cathode buffer 
general discription 


The DS7885/DS^885 interfaces MOS calculator or 
counter-latch-decoder-drlver circuits directly to 
7“Segment high-voltage gas-filled displays. The six 
inputs A, B, D, E, F, G are decoded to drive the 
seven segment of the tube. 

Each output constitutes a switchable, adjustable 
current source which provides constant current to 
the tube segment, even with high tube anode supply 
tolerance or fluctuation. These current sources have 
a voltage compliance from 3V to at least 80V. Each 
current source is ratioed to the b-output current 
as required for even illumination of all segments. 
Output currents may be varied over the 0.2 to 
1.5 mA range for driving various tube types or 


multiplex operation. The output current is adjusted 
by connecting a program resistor (Rp) from Vqc to 
the program input. 

features 

■ Current source outputs 

■ Adjustable output currents 0.2 to 1 .5 mA - 

■ High output breakdown voltage 80V min 

■ Suitable for multiplex operation 

■ Low fan-in and low power 

■ Blanking via program input 

■ Also drives overrange, polarity, decimal point 
cathodes 


connection diagram 


Dual-ln-Line Package 



Order Number DS8885N 

typical applications 


truth tables 


A 

B 

D 

E 

F 

G 

DISPLAY 

1 

1 

.1 

1 

1 

0 
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0 
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1 
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0 

1 

0 

0 

1 

1 
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0 

1 

0 

1 

1 

S 

1 

0 

1 

1 

1 

1 

El 

1 

1 

0 

p 

0 
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1 

1 

1 

1 

1 
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1 
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0 
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1 

1 

0 

0 

1 

1 

Cj 
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1 

0 

1 

1 
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1 

0 

1 

1 

1 
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0 

1 

1 

1 

1 

0 

LI 

0 

0 

0 

0 

0 

1 
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0 

0 

0 
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+5V 



P'ush^Pull MOS Output 
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absolute maximum ratings (Note i) operating conditions 


Vcc 

Input Voltage 
Segment Output Voltage 

7V 

6V 

80V 

Supply Voltage (Vqq) 
DS7885 

MIN 

4.5 

MAX 

5.5 

UNITS 

V 

Power Dissipation 

600 mW 

DS8885 

4.75 

5.25 

V 

Transient Segment Output Current (Note 4) 
Storage Temperature Range 

50 mA 
-65°Cto+150°C 

Temperature (T /\) 
DS7885 

-55 • 

+125 

°c 

Lead Temperature (Soldering, 10 seconds) 

300° C 

DS8885 

0 

+70 

°c 


electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V|H Logical "1” Input Voltage 

Vcc = Min 

2.0 



V 

V|i_ Logical "0" Input Voltage 

Vcc = Min 



0.8 

V 

liH Logical "1" Input Current 

Vcc = Max 

V,N = 2.4V 


2 

IB 

MA 

V,N =B.BV 


4 

400 

ma 

liL Logical "0" Input Current 

Vcc =Max, V,N =0.4V 


-300 

-600 

ma 

Ice Power Supply Current 

Vcc ” Max, All Inputs = OV, Rp = 2.2k 


22 

31 

mA 

V| Input Diode Clamp Voltage 

Vcc = 5V, l,N = -12 mA, Ta = 25°C 


-0.9 

-1.B 

V 

SEGMENT OUTPUTS 
^Iq "ON" Current Ratio 

All Outputs = BOV, 
'out h = Ref. 

Outputs a, f, and g 

0.84 

0.93 

1.02 


Output c 

1.12 

1.2B 

1.38 


Output d 

0.90 

1.00 

1.10 


Output e 

0.99 

1.10 

1.21 


•b ON Output b "ON" Current 

Vcc = 5V, VouT b = BOV, 
Ta = 2B°C 

Rp = 18.1k 

0.1B 

0.20 

0.2B 

mA 

Rp = 7.03k 

0.4B 

O.BO 

O.BB 

mA 

Rp = 3.40k 

0.90 

1.00 

1.10 

mA 

Rp = 2.20k 

1.3B 

1.B0 

1.6B 

mA 

Vsat Output Saturation Voltage 

Vcc = Min, Iqut b = 2 mA, Rp = Ik ±B%, (Note B) 


0.8 

2.B 

V 

*CEX Output Leakage Current 

VouT = 7BV, V,n = 0.8V, Rp = Ik 


0.003 

3 

juA 

Vbr Output Breakdown Voltage 

Iqut =2B0/iA, V,N = 0.8V 

80 

110 


V 

tpd Propagation Delay of Input 

to Segment Output 

Vcc = 5V, Ta = 2B°C 


0.4 

10 

MS 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DS7885 and across the 0°C to 
+70° C range for the DS8885. All typical values are for T^ = 25° C and Vqq = 5V. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: In all applications transient segment output current must be limited to 50 mA. This may be accomplished in dc applications by connecting 
a 2.2k resistor from the anode-supply filter capacitor to the display anode, or by current limiting the anode drive in multiplex applications. 

Note 5: For saturation mode the segment output currents are externally limited and ratioed. 


typical performance characteristics (see ds788o data sheet) 
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DS7885/DS8885 



DS7887/DS8887, DS7889/DS8889. DS7897/DS8897 


Display Drivers 


DS7887/DS8887 8-digit high voltage anode driver 
(active-high inputs) 

DS7889/DS8889 8-digit high voltage cathode driver 
(active-high inputs) 

DS7897/DS8897 8-digit high voltage anode driver 
(active-low inputs) 




general description 

The DS7887/DS8887 and DS7897/DS8897 are 
designed to drive the individual anodes of a 7- 
segment (cathodes) high-voltage gas discharge 
panel in a time multiplexed fashion. 

When driven with appropriate input signals, the 
driver will switch voltage and impedance levels at 
the anode. This will allow or prevent ionization 
of gas around selected cathode in order to form a 
numeric display. This main application is to inter- 
face with MOS outputs (fully-decoded) and the 
anodes of a gas-discharge panel, since the devices 
can source up to 16 mA at a low impedance and 
can tolerate more than 55V In the “OFF" state. 

DS7889/DS8889 is capable of driving 8 segments 
of a high-voltage display tube with a constant 


output sink current, which can be adjusted by 
external program resistor, Rp. The program cur- 
rent is half that of output "ON" current. In the 
“OFF" state the outputs can tolerate more than 
80V. The ratio of "ON" output currents is within 
±10%. Inputs have negative clamp diodes. Active 
high input logic. The main application of the 
device Is to interface MOS circuits to high-voltage 
displays. 

features 

■ Versatile circuits for a wide range of display 
applications 

■ High breakdown voltages 

■ Low power dissipation 


connection diagrams (dual-in-line packages) 


DS7887/DS8887, DS7897/DS8897 


DS7889/DS8889 


INPUTS 



OUTPUTS 

a b c d e f 9 h Vee 



TOP VIEW 


Order Number DS7887J, DS8887J, 
DS8887N, DS7897J, DS8897J 
or OS8897N 


Order Number DS7889J, DS8889J 
or DS8889N 
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absolute maximum ratings (NoteD operating conditions 

MIN MAX UNITS 

Supply Voltage (Vqc ~ (Note 2) Supply Voltage (V^c — ^biaS^ 

DS7887/DS8887. DS7897/DS8897 -60V DS7887/DS8887, -40 -60 V 

Package Power DS7897/DS8897 

DS7889/DS8889 600 mW Temperature (T a) 

Input Voltage DS7887, DS7889, DS7897 -55 +125 °C 

DS7887/DS8887, DS7897/DS8897 -20V DS8887, DS8889, DS8897 0 +70 °C 

DS7889/DS8889 (Note 3) 35V 

Output Voltage 

DS7887/DS8887. DS7897/DS8897 -65V 

DS7889/DS8889 85V 

Storage Temperature Range -65° C to +150°C 

Lead Temperature (Soldering 10 seconds) 300°C 

dc electrical characteristics (Notes 2 , 3 and 4) 

PARAMETER | CONDITIONS | MIN | TYP | MAX | UNITS 

DS8887, DS8897 

V|H Logical "1” Input Voltage 

Vqut =-1.4V, Iqut =-16mA, DS8887 

-2.0 




V|L Logical "0” Input Voltage 

Vqut = “60V, Iqut = “lOO/nA, DS8887 



-5.5 

s 

liH Logical "1" Input Current 

Vqut =-1-4, lour =-16mA, DS8897 

-300 




liL Logical "0” Input Current 

Vqut =-60V, Iqut =-100iuA, DS8897 



-10 

ma 

i| . Input Current 

DS8887 

V|N =-i.ov 


335 


ma 

V,N =-6.0V 


-0.2 

-25 

ma 

V,n=-12V 



-0.65 

mA 

DS8897, V,N = 12V 

-0.6 


-1.5 

mA 

Vqut off Output “OFF” Voltage 

Iqut “~100/xA, Ii^ = 0/jA 

-60 

-77 


V 

Iqut off Output “OFF” Current 

Vout=- 55V, l,N =0 mA 


-0.03 

-5.0 

ma 

Vqut on Output “ON” Voltage 

Iqut ~ 16 mA 

V,N =-2.0V, DS8887 


-1.0 

-1.4 

V 

liN = -300 mA, DS8897 



-1.4 

V 

Ice Supply Current 

^ouT “ “16 mA, 
Vbias “ “60V 

V,N = -1.0V, DS8887, (Note 5) 


-2.2 

-4.0 

mA 

liN =-300 mA, DS8897, 
(One Driver Only) 



-100 

mA 

DS7889/DS8889 | 

li Input Current 

V,N = 6.0V 

150 

250 

350 

ma 

lii_ Logical "0" Input Current 

Iqut = 5.0mA, Vout = 75V 



7.0 

ma 

liH Logical “1" Input Current 

Iqut ~ 1 -4 mA, l|p — 850mA, Vqut ~ 50V 

80 




V| Input Clamp Voltage 

l|ixj ~ 1.0 mA, T/^ — 25 C 


-0.68 

-0.85 


Vqh Output Breakdown Voltage 

'out ” IOOmA, I|m = OmA 

80 



V 

IcEX Output Leakage Current 

Vqut = 75V, -0.1 mA < I,n < 7.0mA 


0.02 

5.0 

ma 

IpROG Prog. Input Voltage 

I,p = 150mA 

1.8 

2.3 


V 

1 IP = 850mA 


4.0 

4.5 

V 

Iql Logical “0” Output Current 


l,P = 150 mA 

DS7889 

210 

300 

IQS 

ma 

Vqut = 50\ 

80m A ^ 1 IN 


DS8889 

240 

■^n 

HESS 

ma 

/, 

^ l|p 

1 IP = 400mA 

DS7889 

660 


BE33I 

mA 

DS8889 

680 

800 

920 

ma 


1 IP = 850mA 

DS7889 

1.45 

1.7 

1.95 

mA 



DS8889 

1.53 

1.7 

1.87 

mA 

^Iq Output Current Ratio 

Iqut t» 6ef = 1 .7 mA, Vqut = 50V 

0.9 

1.0 

1.1 

Hi 
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DS7887/DS8887, DS7889/DS8889, DS7897/DS8897 





































DS7887/DS8887, DS7889/DS8889, DS7897/DS8897 


ac electrical characteristics Ta = 25°C unless otherwise specified. 


PARAMETER 


CONDITIONS 


MIN TYP MAX UNITS 


toN Propagation Delay from Input 

to Output "ON" 

(See ac Test Circuit and Switching Time 
Waveforms) 

fRiSE Propagation Delay from Input 
to Output "ON" 

(See ac Test Circuit and Switching Time 
Waveforms) 


DS7889/DS8889 


^pdo Propagation Delay to a Logical 

"0" from Input to Output 

Rp = 6.0k to 6.0V, Rout = 1-Ok to 6.0V 

tpdi Propagation Delay to a Logical 

"1" from Input to Output 

Input Ramp Rate < 15 ns, Freq = 1 .0 MHz 
dc = 50%, Amplitude = 6.0V 



5.0 

MS 

1.0 

MS 


100 

ns 

200 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: All voltages shown for DS7887/DS8887, DS7897/DS8897 W.R.T. Vcc = OY. All currents into device pins shown as positive, out of 
device pins as negative. Ail values shown as max or min on absolute basis. 

Note 3: All voltages for DS7889/DS8889 with respect to N/qc = OV. 

Note 4: Unless otherwise specified min/max limits apply across the -55°C to +125®C temperature range for the DS7889 and across the 0°C to 
+70®C range for the DS8887, DS8889 and DS8897. All typicals are given for T/\ = 25°C. 

Note 5: Supply currents specified for any one input = —1.0V. All other inputs = —5.5V and selected output having 16 mA load. 


typical application 



Note 1 ; All outputs of both cathode and anode driver have loads as shown for output a. 

Note 2: Use DS7887/DS8887 for active-high inputs and DS7897/DS8897 for active-low inputs. 


ac test circuit and switching time waveforms 


typical performance 
characteristics 


T«=25"C 
_Vee = -60V 
DS7887/DS8887 


l|NVsV|N 

I MAX POINT f 


-12 -10 -8.0 -6.0 -4.0 -2.0 0 

V,N (V) s 


ov 

? 



OUTPUT 

DS7887/ 

DS8887 

B ■ 800^ 1 

A 

-12V -68 
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DS7887/DS8887, DS7889/DS8889, DS7897/DS8897 





DS7891/DS8891 


Display Drivers 


DS7891/DS8891 high voltage anode 


general description 

The DS7891/DS8891 is a 6 digit anode driver intended 
for use with seven segment, common anode, high voltage, 
gas discharge display panels operating in a multiplexed 
mode. The driver switches voltage and impedance levels 
at the display's anode allowing or preventing ionization 
of gas around selected cathodes, forming a numeric dis- 
play. The devices acts as a buffer between MOS outputs 
(fully decoded) and the anodes of a gas-discharge panel. 


schematic and connection diagrams 

Dual-1 n-Line Package 



TOP VIEW 


drivers (active low inputs) 


and it can source up to 16 mA at a low impedance and 
can stand off more than 55V in the off state. 

features 

■ High breakdown voltage 

■ Low power dissipation 

■ Easy interface to clock and calculator circuits 


NATIONAL 


typical application 


Order Number DS7891J, DS8891J 
or DS8891N 
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absolute maximum ratings (Note i) operating conditions 


Supply Voltage (Vcc - Vbias) 
Input Voltage 

-60V 

-20V 

Supply Voltage, Vcc “ VbiaS 

MIN 

-45 

MAX 

-55 

UNITS 

V 

Output Voltage 
Storage Temperature Range 

-65V 

-€5°Cto+150°C 

Temperature, T^ 
DS8801 

0 

+70 

°c 

Lead Temperature (Soldering, 10 seconds) 

300°C 

DS7891 

-55 

+125 

°c 


electrical characteristics (Notes 2 and 3) 


parameter 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

•in 

Input Current 

VBiAS=IVIin, V,n=-12V 

-0.6 


-1.5 

mA 

•iH 

Logical “1" Input Current 

Vbias = IVlin, VoL = "2.0V 




juA 

•iL 

Logical "0" Input Current 

^BiAS “ Vqut ~ “60V, Iqut “ “100/iA 


mm 

-10 

ma 

•oh 

Logical “1" Output Current 

^BiAS “ Max, l||«g = 0/iA, Vqh ~ “55V 


B 

-5 

ma 

VoL 

Logical "0“ Output Voltage 

Iql — 16 mA, l||.f — 300fiA 



-2.0 

V 

Vbd 

Output Breakdown Voltage 

^BiAS “ Max, l||vi = OpA, louT ““100/iA 

-60 



V 

•bias 

Supply Current (Substrate) 

VfliAs “ Max, l||^ = 300juA, Iql “ '•O rnA, 
(One Driver Only) 



-100 

juA 


Notel: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electri- 
cal Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the — 55°C to +125°C temperature range for the DS7891 and across 
the 0°C to +70°C range for the DS8891. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to Vqq = OV, unless 
otherwise noted. All values shown as max or min on absolute value basis. 
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DS7891/DS8891 











DS8892 


NATIONAL 

DS8892 programmable hex LED digit 
general description 

The DS8892 is a hex LED digit driver similar to the 
DS75494, except that the DS8892 is programmable. 
The DS8892 will sink up to 200 mA per output, and the 
open collector outputs withstand a minimum of 8.8V 
in the off state. The main application of the DS8892 
is to interface between MOS circuits and common 
cathode LED displays In systems where low battery 
drain is important. The DS8892, through the use of a 
single external resistor, allows the base drive to the out- 
put transistors to be programmed to the desired amount, 
thus saving battery current. 


Display Drivers 

driver 

features 

■ Presettable current drain 

■ 200 mA sink capability 

■ MOS compatible inputs 

■ Low voltage operation 


schematic and connection diagrams 


Vr 



ONE OF SIX DRIVER SHOWN 


Dual-in-Line Package 

Vr* V|m6 Vqutb Vquts ^inb Vqom Viiy^ Vr* 



TOP VIEW 

*Pins 9 and16 tied together internally. 

Order Number DS8892N 


typical application 


Vss 
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absolute maximum ratings (Note 1) 


Supply Voltage, Vss (Note 2) 

Input Voltage 

Output Voltage 

Storage Temperature Range 

Operating Temperature Range 

Lead Temperature (Soldering, 10 seconds) 


8.8V 

8.8V 

8.8V 

-65°Cto+150°C 
0°C to +70°C 
300°C 


electrical characteristics (Notes 2 and 3) Vdd = ov 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

liL Logical "0" Input Current 

Vss = 8.8V, R1 = 30012, Iqut = 400/iA 

50 



ma 

lin Logical "1" Input Current 

Vss = 8.8V, R|n=4512, Ir = 6 mA, 
iQy-p “ 80 mA 



2.7 

mA 

Vr Logical "0" Phase-Splitter Voltage 

Vss = 6.0V, R,n= 4512, lR=6mA, 
Iqut ~ 80 mA 

0.9 


1.4 

V 

Iqh Logical "1" Output Current 

Vss = 8.8V, l,N = 50/xA, R1 = 30012, 
VouT = 8.5V 



400 

ma 

Vql Logical "0" Output Voltage 

R,n = 14012 

Vss = 3.0V, Ir =2mA, 
Iqut ” 25 mA 



0.35 

V 

Vss = 3.8V, Ir = 5.7 mA, 
Iq(j-[- = 50 mA 



0.35 

V 

Vss = 4.5V, Ir = 7.7 mA, 
Iqut ~ 100 mA 



0.40 

V 

Vss = 6.0V, Ir = 12 mA, 
Iqlit ~ 200 mA 



0.50 

V 


switching characteristics 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 


fp(ON) 

Propagation Delay to a Logical "0" 

(See AC Test Circuit), Vss 6.0V 



800 


fp(OFF) 

Propagation Delay to a Logical "1" 

(See AC Test Circuit), Vss ~ 6.0V 






Notel: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Vss 3*^ external system supply, used as shown in the dc test circuit (Vqd = OV). 

Note 3: All currents into device pins shown as positive, out of device pins as negative. All voltages referenced to ground unless otherwise noted. 
All values shown as maximum or minimum on absolute value basis. 


ac test circuit 



dc test circuit 



switching time waveforms 

VlN 



VOUT 




6-73 


DS8892 













DS7895/DS8895 


Display Drivers 


DS7895/DS8895 quad LED segment driver 


NAHONAL 


general description 


features 


The DS7895/DS8895 is a quad LED segment driver 
designed to interface between MOS IC's and LED 
displays. It provides a relatively constant output current 
—typically 17 m A— independent of the supply voltage. 
The DS8895 is similar to the DS75493 except on the 
DS8895 the output current is internally set— no external 
components are required for current limiting. Blanking 
can be achieved by taking the Chip Enable (CE) to a 
logic "V level. 


Internally set output current 
Low voltage operation 
MOS compatible inputs 
Low standby power 
Blanking capability 


schematic and connection diagrams 


Vss 




OUT 

( 3 , 6 , 11 , 14 ) 


Order Number DS7895J, DS8895J, 
or DS8895N 
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absolute maximum ratings (Notei) operating conditions 


Supply Voltage 

lOV 


MIN 

MAX 

UNITS 

Input Voltage 

10V 

Supply Voltage, Vrc 




Output Voltage 

Vcc 

Vcc 

3.2 

8.8 

V 

Storage Temperature Range 

-€5°Cto+150°C 

Vss 

6.5 

8.8 

V 

Lead Temperature (Soldering, 10 seconds) 

300° C 







Temperature, T/\ 






DS8895 

0 

+70 

°c 



DS7895 

-55 

+125 

°c 


electrical characteristics (Notes 2 and 3) 


PARAMETER 

CONDITIONS (See Figure 1) 

MIN 

TYP 

MAX 

UNITS 

V|H Logical "1" Input Voltage 

Vcc = 3.2V, Vss = 8.8V, I,n = 2.0 mA, Vqut = 1 -75V 

6.5 



V 

V|hce Chip Enable 

Vcc ~ 3.2V, Vss ~ 8.8V, I^J^g — 1.0 mA, VQyy ” OV 

3.5 



V 

liH Logical "1" Input Current 

Vcc = 3.2V, Vss = 8.8V, V,n = 8.8V, R = 0.1k, 
Vqut = 1 -75V 



2.0 

mA 

V|L Logical "0" Input Voltage 

Vcc = 8.8V, Vss = 8.8V, Vqut = OV, 1,^ = 0.1 mA 



1.3 

V 

V||_cE Chip Enable 

Vcc = 8.8V, Vss = 8.8V, Vqut = I ^BV, R = 0.1k 



1.0 

V 

■out MIN Output Current 

Vcc = 3.2V, Vss = 6.5V, Vqut = 2.15V, 
R = 1k,TA =25°C 

12.5 

16.5 


mA 

•out max Output Current 

Vcc = 8.8V, Vss = 8.8V, Vqut = 1 -75V, 
R =0.1k,TA =25°C 


18.5 

22 

mA 

'out typ Output Current 

Vcc = 3.6V, Vss = 7.2 
Ta = 25°C, R = 50012 

V. Vqut = 2.0V, 

DS7895 

15.5 

17 

18.5 

mA 


DS8895 

14.5 

17 

19.5 

mA 

'out Output Current 

Vcc = 3.6V, Vss = 7.2 
Rl = 50012, Full Temp 

V. VouT = 2.0V, 

DS7895 

10.5 


23.0 

mA 

erature Range 

DS8895 

13.5 


20.5 

mA 

'out OFF Output Current 

Vcc = 8.8V, 

Vqut = OV, 

(All Drivers "OFF") 

Vss = 8.8V, R = 100k 



100 

ma 

Vss = 6.5V. R =0.1k, 
Rce = 1'< 



200 

ma 

Iss Supply Current 

Icc Supply Current 

V,N =6.5V 

Vcc = 1 OV. Vss = 8.8V 
(Outputs Open) 



8 

mA 

Vcc = 3.2V Vss = 8.8V, 
Vqut = 1. 75 V 

DS7895 



5 

mA 

DS8895 



4 

mA 

Vd OFF Propagation Delay to a Logical 

"0" from Input to Output 

t^ = tf = 10 ns, (See Figures 2 and 3) 


170 

300 

ns 

tpd ON Propagation Delay to a Logical 

"1" from Input to Output 

tr = tf = 10 ns, (See Figures 2 and 3) 


11 

100 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°C to +125°C temperature range for the DS7895 and across the 0°C to 
+70° C range for the DS8895. All typicals are given for Vqq = 5.0V and T^ = 25° C. 


Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as maximum or minimum on absolute value basis. 
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Display Drivers 


NATIONAL 


DS8973, DS8974, DS8976 LED 9-digit drivers 
general description 


The DS8973, DS8974, and DS8976 are 9-digit drivers 
designed to operate from 4 cell (DS8973) or 3 cell 
(DS8974) or 6 cell (DS8976) battery supplies. Each 
driver will sink 100 mA to less than 0.5V when driven 
by only 0.1 mA. Each input is blocked by diodes so that 
the input can be driven below ground with virtually no 
current drain. This is especially important in calculator 
systems employing a dc-to-dc converter on the negative 
side of the battery. If the converter were on the positive 
side of the battery, the converter would have to handle 
all of the display current, as well as the MOS calculator 


chip current. But if it is on the negative side, it only has 
to handle the MOS current. The DS8973 and DS8974 
are designed for the more efficient operating mode. 

features 

■ Nine complete digit drivers 

■ Built-In low battery indicator 

■ High current outputs- 100 mA 

■ Choice of 3 or 4-cell operation 

■ Straight through pin out for easy board layout 


equivalent circuit and connection diagrams 


Typical Driver Circuit 


Typical D.P. Out Circuit 


Dual-ln-Line Package 

OUTPUTS 

cc, Vcc 2 *9 8 7 6 5 4 3 2 T 

iaz izi I 20 |l9 |l8 Il7 |l6 |l5 ]l4 |l3 (l 2 




TTTT T r r r i’ r" i" 

OUT g g 7 654 3 2 1 GND 

O.P. V ^ 

INPUTS 


Order Number DS8973N, DS8974N 
or DS8976N 


typical applications 



FIGURE 1. 6V Programmable Statistical Calculator 
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DS8973, DS8974, DS8976 



DS8973, DS8974, DS8976 


absolute maximum ratings (Noteii operating conditions 


Supply Voltage 

10V 


MIN 

MAX 

UNITS 

Input Voltage 

10V 

Supply Voltage (Vcc) 




Output Voltage 

10V 

DS8973 

4.4 

10.0 

V 

Storage Temperature Range 

-65°C to -USO^C 

DS8974, DS8976 

3.3 

4.5 

V 

Lead Temperature (Soldering, 10 seconds) 

300°C 

Temperature (Tj\) 

0 

70 

°c 


electrical characteristics 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

V.H 

Logical "1" Input Voltage 

Vcc = Max 

3.9 



V 

ilH 

Logical "1" Input Current 

Vcc ~ Max, V|(^ = 3.9V 



0.3 

mA 

V.L 

Logical "0" Input Voltage 

Vcc = Max 



0.5 

V 

I.L 

Logical "0" Input Current 

Vcc = Max, V,L = 0.5V 



40 

txA 

Vth 

High Low Battery Threshold 

VoT (Pin 1) = IV, loT <-50 mA, Ta = 25°C 

DS8973 

H9I 



V 



V,H (Pin 2) = 3.9V 

DS8974 

4.6 



V 




DS8976 

7.0 



■s 

Vtl 

Low Low Battery Threshold 

VoT (Pin 1 ) = 2.3V, Iqt > “6 mA, Ta = 25°C 

DS8973 



3.1 




V,H (Pin 2) = 3.9V 

DS8974 



4.2 

H9 




DS8976 



6.2 

V 

•CEX 

Logical "1" Output Current 

Vcc = Min, VoH = 9.5V, V,l = 0.5V 



50 

juA 

VoL 

Logical "0" Output Voltage 

Vcc = Min, loL = 100 mA, V,h = 3.9V 



0.5 

V 

•OL 

Logical "0" Output C6rrent 

Vcc = Min, VoL = 0.5V, V,h = 3.9V 

100 



mA 


Supply Current 

Vcc = Max, One Input "ON" 



6 

mA 

•CC2 

Pin 21 (Low Battery Supply) 

Vcc = Max, Vcc 2 “ Vccmax 



1.2 

mA 


Note 1: "Absolute Maximum Ratings" are those values beyond \Miich the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operations. 

Note 2: Unless otherwise specified min/max limits apply across the 0“C to +70°C range. All typicals are given for T/\ = 25‘*C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

typical applications (con "t) 
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NATIONAL 


Display Drivers 


DS75491 MOS-to-LED quad segment driver 
DS75492 MOS-to-LED hex digit driver 


general description 

The DS75491 and DS75492 are interface circuits 
designed to be used in conjunction with MOS 
integrated circuits and common-cathode LED's in 
serially addressed multi-digit displays. The num- 
ber of drivers required for this time-multiplexed 
system is minimized as a result of the segment- 
address-and-digit-scan method of LED drive. 


features 

■ 50 mA source or sink capability 
per driver (DS75491) 

■ 250 mA sink capability 
per driver (DS75492) 

■ MOS compatability (low input current) 

■ Low standby power 

■ High-gain Darlington circuits 


schematic and connection diagrams 


DS75491 (each driver) DS75492 (each driver) 




DS75491 Dual-ln-Line Package DS75492 Duai-ln-Line Package 

4A 4E 4C Vss 3G 3E 3A 1A BY BA Vgs BA BY 4A 




Order Number DS75491J or DS75492J 
Order Number DS75491N or DS75492N 
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DS75491, DS75492 







DS75491, DS75492 


absolute maximum ratings (Note i> 

Input Voltage Range (Note 4) 


DS75491 
-5V to Vss 


DS75492 
-5V to Vss 


Collector Output Voltage (Note 5) 

10V 

10V 

Collector Output to Input Voltage 

10V 

10V 

Emitter to Ground Voltage (Vj ^ 5V) 

10V 


Emitter to Input Voltage 

5V 


Voltage at Vss Terminal With Respect to 
Any Other Device Terminal 
Collector Output Current 

10V 

10V 

Each Collector Output 

50 mA 

250 mA 

All Collector Outputs 

200 mA 

600 mA 

Continuous Total Dissipation 

600 mW 

600 mW 

Operating Temperature Range 

0°C to +70®C 

O^Cto +70°C 

Storage Temperature Rahge 

~65®C to +150°C 

-65°C to +150®C 

Lead Temperature (Soldering, 10 sec) 

300°C 

300*^0 


dc electrical characteristics 

DS75491 (Vss ~ 10V, = 0°C to +70°C unless otherwise noted) (Notes 2 and 3) 


PARAMETER 


VcE ON "ON" State Collector Emitter Voltage 


c OFF "OFF" State Collector Current 


I Input Current at Maximum Input Voltage 


E Emitter Reverse Current 

Iss Current Into Vss Terminal 



CONDITIONS 


Input = 8.5V through 1 


Vg = 5V, Ic = 50 mA 


Vc = 10 V, 

Ve=0V I V,n=0.7V 


V,N = 10V, Ve = 0, Ic = 20 mA 


V,N=0, Ve=5V,Ic=0 


MAX 1 

UNITS 


V 

■ai 

V 

100 

M 

100 

txA 

3.3 

mA 

100 

txA 

1 

mA 


DS75492 (Vss ~ = 0°C to +70 C unless otherwise noted) (Notes 2 and 3) 


PARAMETER 


Vql Low Level Output Voltage 


OH High Level Output Current 


CONDITIONS 


Iriput = 6.5V through 1 kfi, 


OUT ~ 250 mA 


VoH = 10V ■■ 

I V,h=0.5V 

V,N = 10V, loL = 20 niA 


TYP MAX 





I Input Current at Maximum Input Voltage 


Iss Current Into Vss Terminal 


ac switching characteristics 

DS75491 (Vss = 7.5V. Ta = 25°C) 


PARAMETER CONDITIONS 


tpLH Propagation Delay Time, Low-to-High Level Output (Collector) 


tpHL Propagation Delay Time, High-to-Low Level Output (Collector) 


DS75492 (Vss = 7.5V, Ta = 25°o" 


PARAMETER 


PLH Propagation Delay Time. Low-to-High Level, Output 


PHL Propagation Delay Time, High-to-Low Level Output 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/rnax limits apply across the 0°C to +70° C temperature range for the DS75491 and DS75492. 

Note 3:AII currents into device pins shown as positive, out of device pins as negative, ail voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Note 4: The input is the only device terminal which may be negative with respec\to ground. 

Note 5: Voltage values are with respect to network ground terminal unless otherwise noted. 


Rl =200a,CL = 15 pF 


CONDITIONS 


MIN TYP MAX UNITS 


MIN TYP MAX UNITS 
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ac test circuits and switching time waveforms 





Note 1 : The pulse generator has the following characteristics; Zqut = 50^2, 
PRR = 100kHz,tw, = lps. 

Note 2: C|_ includes probe and jig capacitance. 




DS75493 



NATIONAL 

DS75493 quad LED segment driver 


Display Drivers 


general description features 


The DS75493 is a quad LED segment driver. It is 
designed to interface between MOS IC's and LED's. 
An external resistor is required for each segment to 
drive the output current which is approximately equal 
to 0.7V/Ri_ and is relatively constant. Independent of 
supply variations. Blanking can be achieved by taking 
the chip enable (CE) to a logical "1" level. 


■ Low voltage operation 

■ Low input current for MOS compatibility 

■ Low standby power 

■ Display blanking capability 

■ Output current regulation 

■ Quad high gain circuits 


schematic and connection diagrams 


Vss 



Dual-ln-Line Package 



typical application 


truth table 


CE 

VllNl 

•out 

0 

1 

ON 

0 

0 

OFF 

1 

X 

OFF 
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absolute maximum ratings (Notei) 

Supply Voltage 10V 

Input Voltage 10V 

Output Voltage Vqq 

Storage Temperature Range +65°C to +150°C 

Lead Temperature (Soldering, 10 seconds) 300°C 

Output Current (IoUT) -25mA 


operating conditions 


Supply Voltage 

MIN 

MAX 

UNITS 

Vcc 

3.2 

8.8 

V 

Vss 

6.5 

8.8 

V 

Temperature, T^ 

0 

+70 

°c 


electrical characteristics (Vss > Vcc) = 25°c (Notes 2 and s) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

liN Input Current 

Vss = IVlax, V,N = 8.8V, Vcc = Open. Vce = OV 



3.2 

mA 

•out = Rset@0V,Vce = 8.8V 




mA 

Ice Chip Enable Input Current 

Vcc = Vss = Vce = 8.8V, All Other Pins 

to Gnd 



2.1 

mA 

•out Output Current 

i 

Iqut @ 2.15V, Rl = 50J2 

Vcc = •^•'n. Vss = 6.5V, 
Ice = 80piA, V,n = 6.5V 
Through 1.0 kfi 

■ 

-13 

■ 

mA 

Vce = OV, V,n = 8.8V 


-16 


mA 

Iql Output Leakage Current 

•out “ Rset @ OV, 
Measure Current to Gnd, 
Vss = 8.88 

Vcc = •^•in, Vce = OV 
V,N = 8.8V Through 
100 kJ2 

■ 


nni^iii 

ma 

Vce = 6.5V Through 
I.OkH, V,N = 8.8V 

■ 


imyiiii 

ma 

Ice Supply Current, Vcc 

Vcc “ •^ax, Vss = Max, All Other Pins to Gnd 



40 

mA 

Iss Supply Current 

Vcc ~ OV, All Other Pins to Gnd 



40 

juA 

Vcc = Vcc = 8.8V 

louT @ 2.15V, Vce = 8.8V 
Through 100 ktt, 

Rl =50n 

■ 



mA 

Iqut = Rset = Open, 

Vce = OV 

■ 

■ 


mA 


switching characteristics 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

tpd(OFF) 

Propagation Delay to a Logical "0", 
From Input to Output 

(See AC Test Circuit) 


170 

300 

ns 

■tpd(ON) 

Propagation Delay to a Logical “V 
From Input to Output 

(See AC Test Circuit) 


11 

100 

ns 


Notei: "Absolute Maximum Ratings" are those vajues beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of 
"Electrical Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75493. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise 
noted. All values shown as max or min on absolute value basis. 


ac test circuit 


8.8V 3.2V Rset Rl * 50 



switching time waveforms 


90% 

50% 


/90% 

/50% 
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Display Drivers 


DS75494 hex digit driver 
general description 

The DS75494 is a hex digit driver designed to 
interface between most MOS devices and common 
cathodes configured LED's with a low output 
voltage at high operating currents. The enable 
input disables all the outputs when taken high. 


features 

■ 150 mA sink capability 

■ Low voltage operation 

■ Low input current for MOS compatibility 

■ Low standby power 

■ Display blanking capability 

■ Low voltage saturating outputs 

■ Hex high gain circuits 


schematic and connection diagrams 



Dual-I n-Line Package 

Vcc IN 6 OUT 6 OUTS INS OUT 4 IN 4 CE 


vm 



B 

B 

■m 

■ 

■■■Mi 


NC INI 0UT1 OUT 2 IN 2 OUT 3 llil 3 GNO 


TOP VIEW 

Order Number DS75494J 
Order Number OS75494N 


truth table 


ENABLE 

V|N 

VoUT 

0 

0 

1 

0 

1 

0 

1 

X 

1 


X = don't care 
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absolute maximum ratings (Notei) 


operating conditions 


Supply Voltage 
Input Voltage 
Output Voltage 
Storage Temperature Range 


lOV 

10V 

10V 

-65°Cto+150°C 


Supply Voltage, Vqq 
T emperature, T^ 


Lead Temperature (Soldering, 10 seconds) 


MIN MAX 


electrical characteristics (Notes 2 and 3) 


PARAMETER 

Logical "1” Input Current 


Logical "0" Input Current 
Logical "V Output Current 


Logical "O'' Output Voltage 
Supply Current 


Output "OFF" Time 
Output "ON" Time 


Vcc = Min, V,N =8.8V 
Vcc = Max, V,N =-5.5V 
Vcc = Max, VoH = 8.8V 


VcE = 8.8V through 100k 
VcE = 8.8V 


V,N = 8.8V through 100k, Vce = OV 

Vcc = Max, Vqh = 8.8V 

^ V,N = 8.8V, Vce = 6.5V through 1.0k 

Vcc “ Min, Iql = 150 mA, V,m = 6.5V through 1.0k, 

Vce 8.8V through 100k 

One Driver "ON", V,n = 8.8V 

Vce = 6.5V through 1 .Ok 

Vcc = Max All Other Pins to GND ^ 

V|N = 8.8V through 100k 

All Pins to GND 

Cl = 20 pF, Rl = 2412, Vcc = 4.0V, See ac Test Circuits 
Cl = 20 pF, Rl = 2412, Vcc 4.0V, See ac Test Circuits 




100 

ma 

40 

pA 

1.2 

MS 

100 

ns 


Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range for the DS75494, 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 


ac test circuit and switching time waveforms 



VouT 2.2V, 50% . 

Mv/ 
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NATIONAL 

DS3660/DS3661 optically isolated li 


Opto-Couplers 

Advance Information* 


receivers 


general description 

The DS3660 and DS3661 are TTL-compatible optically 
coupled isolators, with open-collector and TRI-STATE® 
outputs, respectively. They combine, in one 8-lead 
DIP, a GaAsP light-emitting diode and a monolithic 
silicon detector-amplifier. There is complete absence of 
any electrical connection between Input and output 
terminals, allowing the input signal ground reference to 
float at any ac or dc potential relative to the output 
ground reference (within the common-mode range of 
the device). Thus, they are ideal line receivers, 
removing Input common mode limitations, and eliminat- 
ing all ground noise and current loops. A proprietary 
design provides excellent high-frequency common mode 
rejection, much greater than previously available In 
optical isolators. These line receivers are therefore 
especially suited for data interface requirements in 
transient and pulse noise environments. 


features 

■ 200 Vac peak-to-peak common mode rejection at 
1 MHz 

■ 1500V typical dc isolation (input/output) 

■ 70 ns typical propagation delays 

■ TTL strobe input (forces output to logic "V state) 

■ TRI-STATE logic output for bus-organized systems 
(DS3661) 

■ Open collector output for wire-ORIng (DS3660) 

■ Fanout of 10 standard TTL loads 

■ Single +5V supply (±10% tolerance) 


connection diagrams 


Dual-1 n-Line Package 


Vcc STROBE OUTPUT 6ND 



Dual-In-Line Package 


Vcc STROBE OUTPUT 6N0 



TOP VIEW 


Order Number DS3660N 


Order Number DS3661N 


truth tables (Positive logic convention; input 

DS3660 


INPUT 

STROBE 

OUTPUT 

0 

1 

1 

1 

1 

0 

X 

0 

1 


X = Don't Care 


when LED is biased on. Ip > 5 mA.) 


DS3661 


INPUT 

STROBE 

DISABLE 

OUTPUT 

0 

1 

0 

1 

1 

1 

0 

0 

X 

0 

0 

1 

X 

X 

1 

Hi-Z 


X = Don't Care 


*Specif ications may change 
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DS3660/DS3661 


absolute maxipium ratings 

(Note 1) 

operating conditions,. 





MIN 

MAX 

UNITS 

Supply Voltage 

7V 

Supply Voltage, Vqq 4.5 

5.5 

V 

Input Voltage (gate) 

Input Diode Forward Current 

5.5V 
’ 20 mA 

Temperature, T/^ 0 i 

+70 

°c 

Input Diode Reverse Voltage 
Output Voltage 

5V 




DS3660 

- 7V 




DS3661 

5.5V 




Storage Temperature Range -55°C to +125°C 




Lead Temperature (Soldering, 10 seconds) 

300° C 




electrical characteristics (o°e-70°o {Note 2) 





parameter 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

liN(i) Logicar'1" Input Current 

VouT < 0.4V, Iqut (Sink) = 16 mA 

5 



mA 

l|N(o) Logical “0” Input Current 

Vey-j- 2.4V, Iql/t (Source) ~ ~400/uA 




ma 

ViN(i) Logical "1" Input Voltage 
(Strobe, Disable) 

(See Truth Table for Output State) 

2.0 

■1 


V 

ViN(o) Logical "0" Input Voltage 
(Strobe, Disable) 

(See Truth Table for Output State) 



p 

bo 

V 

l(H Logical '"1" Input Current 

(Strobe, Disable) 

V,N =+2.4V 

■ 


40 

UlA 

liL Logical "0" Input Current 

(Strobe, Disable) 

V,N = 0.4V 

■ 


-1.6 

mA 

VcL Input Clamp Voltage 

(Strobe, Disable) 

l,N =-12mA,TA =25°C 



-1.2 

V 

Vqh Logical "1" Output Voltage 

•out (Source) =-400/iA 

2.4 



V 

Vql Logical "0" Output Voltage 




0.4 

V 

Iqd Output Disable Current 


DS3661 



40 

fxA 

Vo = 0.4V 

DS3661 



-40 


Ice Supply Current ■ 

l,N = 5 mA 

Vstrobe-2V DS3660 


10 

15 

mA 

Vdisable~2V DS3661 


12 

18 

mA 

Vp Input Diode Forward Voltage 

Ja = 25^*0, l,N = 10 mA 


1.75 


V 

Vbr Input Diode Reverse Breakdown 

Ta = 25°C, l,N =-100iUA 

5 



V 

Vjso DC Isolation (Input-Output) 

Ta = 25°C 


1500 


V 

CMrv AC Common Mode Rejection 
(Input-Output) 

^ f = 1 MHz, Output jVleets Worst-Case Vql 
and Vqh Levels (above) 


200 


Vao 

P-P 
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switching characteristics (Notes) 


PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

^pdO 

Propagation Delay to Logical "0" 
from LED Input 

liN = 7.5 mA, Strobe High, Disable Low, 
(Note 4) 


70 


ns 

tpdl 

Propagation Delay to Logical "1" 
from LED Input 

I|N = 7.5 mA, Strobe High, Disable Low, 
(Note 4) 


70 


ns 

tso 

Propagation Delay to Logical "0" 
from Strobe Input 

liisj = 7.5 mA, Disable Low 


15 


ns 

tsi 

Propagation Delay to Logical "1" 
from Strobe Input 

li(sj = 7.5 mA, Disable Low 


m 


ns 

tiH 

Delay from Disable Input to High 
Impedance State, from Logical 
"1" Level 

liN = 0 mA, Strobe High 


HB 


ns 

tOH 

Delay from Disable Input to High 
Impedance State, from Logical 
"0" Level 

liivj = 7.5 mA, Strobe High 

■ 



ns 

tHI 

Delay from Disable Input to 
Logical "1" Level, from High 
Impedance State 

liN = 0 mA, Strobe High 




ns 

tHO 

Delay from Disable Input to 
Logical "0" Level, from High 
Impedance State 

l,N = 7.5 mA, Strobe High 



i 

1 

1 

i 

1 

ns 


Note1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: These apply over Vcq range 4.5V to 5.5V unless otherwise noted. Typicals given for Ta " 25° C, V^c " 5.0V. Max refers to absolute 
value in all cases. 

Note 3: All switching response characteristics given for output pull-up resistor R|_ = 390f2, shunt capacitance C[_ = 15 pF. 

Note 4: These propagation delays are independent of LED drive configuration, e.g., the same performance will be obtained with either test circuit 
shown below: 


ac test circuits 



Positive Input Pulse Negative Input Pulse 
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NCT200, NCT260 


NAHONAU 


NCT200, NCT260 phototransistor opto-coupler 


general description 

The NCT200 and NCT260 are Gallium Arsenide diodes 
cxDupled with an NPN Silicon phototransistor in a six 
lead Epoxy dual-in-line package. These devices feature 
isolation voltage In excess of 2 kV. A GaAs light 
emitting diode radiates infrared light into a photo- 
sensitive transistor providing electrical isolation equiva- 
lent to a relay. 


absolute maximum ratings 


Storage Temperature 
Operating Temperature 
Total Power Dissipation at 25°C 
Derate Linearly 


-55Xto+150 C 
-55°C to+100°C 
250 mW 
3.3 mW/°C 


Lead Temperature (Soldering, 10 seconds) 


These devices are ideally suited where coupling Is 
needed between two circuits but electrical isolation 
must be maintained. These devices find a vvide range 
of application in data transmission as well as linear 
coupling. 

applications 

■ Phase control 

■ Feedback control 

■ Telephone line receiver 

■ Line to digital logic Isolation 
« Solid state relays 

features 

■ 2000V isolation 

“ High direct-current transfer ratio 

■ 0.5 pF coupling cap. 

■ Standard dual-in-line package 


output transistor (Ta = 25°c, ip = o) 

Power Dissipation 20 

Derate Linearly from 25°C 2.6 rr 

VcEO 

VcER ( 1 Mr2) 

Veco 


input diode (t* = 25°c) 

Power Dissipation 
Derate Linearly from 25°C 
Forward DC Current Continuous 
Forward DC Current Intermittent Duty* 
Reverse Voltage 

Peak Forward Current (1 pulse; 300 pps) 
* Dictated by maximum power dissipation. 


connection diagram 


Oual-ln-Line Package 



Order Number 
NCT200 or NCT260 
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electro-optical characteristics (Ta = 25°C, unless otherwise specified) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

INPUT DIODE 

Vp Forward Voltage 

Ip = 60 mA 


1.2 

1.5 

V 

1 p, Reverse Leakage Current 

Vr = 3.0V 



10 

juA 

C Capacitance 

V = 0,f = 1 MHz 


150 


PF 

OUTPUT TRANSISTOR, Ip = 0 | 

HpE dc Forward Current Gain 

VcE = 10V, Ic = 1 mA, NCT200 


500 



IcER Collector-Emitter Current 

VcE = 10V, R = iMn 

NCT200 



50 

nA 

NCT260 



100 

nA 

LVceo Collector-Emitter Sustaining Voltage 

Ic = 1.0 mA 


60 


V 

BVcer Collector-Emitter Breakdown Voltage 

Ic = lOOjuA, R = 1 Mfi 

70 

110 


V 

BVcbo Collector-Base Breakdown Voltage 

Ic = IOmA 

70 

110 


V 

BVgco Emitter-Collector Breakdown Voltage 

Ic = IOOmA 

7 

8.2 


V 

COUPLED CHARACTERISTICS 

Iq/If dc Current Transfer Ratio 

Ip = 10 mA, VcE = 10V, 
Rbe = 1 MS2 

NCT200 

20 

60 


% 

NCT260 

6 



% 

Vce(sat) Collector-Emitter Saturation Voltage 

Ip = 15.0 mA, Ic = 1.6 mA, NCT200 



0.4 

V 

Ip = 50 mA 

Ic = 6.4 mA Pulsed NCT200 



0.4 


Ic = 1.6 mA, NCT260 



0.5 


Viso Isolation Voltage 





V 

Riso Isolation Resistance 

V,so = 500V 


10^^ 


n 

C|so Isolation Capacitance 

t= 1 MHz 

. 



pF 

BW Bandwidth (Note) 

Ip = 10 mA, Vcc = 5.0V, Rl = 1000 


150 


kHz 

toN Output "ON” Time 

Ip = 10 mA, VcE = 4.0V, Rl ^ 220 


2.0 


MS 

toFF Output "OFF" Time 

Ip = 10 mA, VcE = 4.0V, Rl = 220 


3.0 


MS 

Note: Bandwidth is specified as the point where the collec 
(100 Hz). 

switching time waveforms 

INPUT: Ip = 0 
If = 10mA 

Ic = 1 mA 

to 

7 

current t 

f 

rar 

■N 

sfer ratio is 1 /2 that of 

PULSE WIDTH = 8/::s 
DUTY CYCLE 10% 
VcE = 

the low frequency current transfer ratio 
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4N25, 4N26, 4N27. 4N28 


NAnONAL 


4N25, 4N26,4N27,4N28 phototransistor 


opto-coupler 

general description 

Gallium Arsenide LED optically coupled to a Silicon 
Photo Transistor designed for applications requiring 
electrical isolation, high-current transfer ratios, small 
package size and low cost; such as interfacing and 
coupling systems, phase and feedback controls, solid- 
state relays and general-purpose switching circuits. 

applications 

■ Phase control 

■ Feedback control 

■ Telephone line receiver 

B Line to digital logic Isolation 

■ Solid state relays 

features 

■ High Isolation voltage 

V,so = 2500V (min) - 4N25 

1500V (min)-4N26, 4N27 
500V (min) - 4N28 
« High Collector Output Current 
at Ip = 10 mA 

lc = 10mA (typ) 4N25, 4N26 

■ 0.5 pF coupling cap. 

■ Standard dual-in-line package 


absolute maximum ratings* 

(T^ = 25°C, unless otherwise specified) 


Storage Temperature 

-55°C to+150°C 

Operating Temperature 

-55°C to+100°C 

Total Power Dissipation at 25°C 

250 mW 

Derate Linearly 

3.3 mW/°C 

Lead Temperature (Soldering, 10 seconds) 260°C 


phototransistor* (Ta = 25°c) 


Power Dissipation 

150 mW 

Derate Linearly from 25°C 

2 mW/°C 

VcEO 

30V 

Veco 

7V 

VcBO 

70V 


infrared emitting diode* (Ta = 25°o 


Power Dissipation 150 mW 

Derate Linearly from 25°C 2 mW/°C 

Forward DC Current Continuous 80 mA 

Reverse Voltage 3V 

Peak Forward Current (1 pulse; 300ms) 3A 

*JEDEC Registered Data. 


connection diagram 


Dual-In-Line Package 



Order Nun^er 
4N25, 4N26, 4N27 or 4N28 
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electro-optical characteristics {Ta = 25°c, unless otherwise specified) 

PARAMETER 

CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

LED CHARACTERISTICS 

If:, Reverse Leakage Current 

Vr = 3.0V, (Note 4) 



100 

ma 

Vp Forward Voltage 

Ip = 50 mA, (Note 4) 


1.2 

1.5 

V 

C Capacitance 

Vr =0V, f = 1.0 MHz 


150 


PF 

PHOTOTRANSISTORS, Ip = 0 

HpE dc Current Gain 

VcE = 5.0V, Ic = BOOiuA 


500 



IcBo Collector-Base Dark Current 

VcB = 10V, Emitter Open, (Note 4) 



20 

nA 

BVcbo Collector-Base Breakdown Voltage 

Ic = lOOpA, Ig = 0, (Note 4) 

70 



V 

BVceo Collector-Emitter Breakdown Voltage 

Ic = 1.0 mA, Ib =0, (Note 4) 

30 



V 

BVgco Emitter-Collector Breakdown Voltage 

Ie = IOOmA, Ib =0, (Note 4) 

7.0 



V 

IcEO Collector-Emitter Dark Current 

VcE = 10V, BaJ 
(Note 4) 

e Open, 

4N25, 4N26, 4N27 



50 

nA 


4N28 



100 

nA 

COUPLED CHARACTERISTICS 

Ic Collector Output Current 

VcE = 10V, Ip = 10 mA, 
Ib = 0, (Note 4) 

4N25, 4N26 

2.0 

10 


mA 

4N27, 4N28 

1.0 



mA 

V|so Isolation Voltage 

(Note 4) 

4N25 

2500 



V 

4N26, 4N27 

1500 



V 

4N28 

500 



V 

Vce(sat) Collector-Emitter Saturation 

Ic = 2.0 mA, Ip = 50 mA, (Note 4) 


0.2 

0.5 

V 

C|so Isolation Capacitance 

V = 0, f = 1.0 MHz 


0.5 


pF 

BW . Bandwidth 

Ip = 10 mA, VcE = 5.0V, Rl = 100S2, (Note 3) 


150 


kHz 

toN Output "ON” Time 

Ip = 10 mA, pK = Fixed P.W. 8jus 

Fixed ~ 10% dc, Vce 4V Fixed, Rl = 22^2, 

(Notes 1 and 2) 


1 


MS 

toFF Output "OFF" Time 

Ip = 10 mA, pK = Fixed P.W. 8jus Fixed 
s 10% dc, Vce = 4V Fixed, Rl = 22Q, 
(Notes 1 and 2) 


4 


MS 

R,so Isolation Resistance 

V = 500V 


10” 


n 

Note 1: Test conditions: from t = 0 of Ip until Iq 
N ote 2: Test condition: from end of Ip until Iq d 
Note 3: Specified as the point where the collector 
Note 4: JEDEC Registered Data. 

switching time waveforms 

INPUT: 

•c = 

exceeds 1 .0 mA. 
screases below 1 ,0 mA. 

current transfer ratio is one-half that of the low 

frequency C.T.R. (100 Hz). 









PULSE WIDTH = 8/js 
DUTY CYCLE = 10% 



Vce ' 4.0V 


7 
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4N25, 4N26, 4N27, 4N28 




NATIONAL 


INTEGRATED CIRCUITS FOR 
DIGITAL DATA TRANSMISSION 


Applications 


INTRODUCTION 


It is frequently necessary to transmit digital data 
in a high-noise environment where ordinary Inte- 
grated logic circuits cannot be used because they 
do not have sufficient noise Immunity. One solu- 
tion to this problem, of course, is to use high- 
noise-lmmunity logic. In many cases, this approach 
would require worst case logic swings of 30V, 
requiring high power-supply voltages. Further, 
considerable power would be needed to transmit 
these voltage levels at high speed. This Is especially 
true if the lines must be terminated to eliminate 
reflections, since practical transmission lines have a 
low characteristic Impedance. 

A much better solution is to convert the ground 
referred digital data at the transmission end into a 
differential signal and transmit this down a bal- 
anced, twisted-pair line. At the receiving end, any 
induced noise, or voltage due to ground-loop cur- 
rents, appears equally on both ends of the 
twisted-pair line. Hence, a receiver which responds 
only to the differential signal from the line will 
reject the undesired signals even with moderate 
voltage swings from the transmitter. 

Figure 1 illustrates this situation more clearly. 
When ground is used as a signal return as In Fig- 
ure 1a, the voltage seen at the receiving end will be 
the output voltage of the transmitter plus any 
noise voltage induced in the signal line. Hence, the 
noise immunity of the transmitter-receiver com- 
bination must be equal to the maximum expected 
noise from both sources. 

The differential transmission scheme diagrammed 
In Figure 1b solves this problem. Any ground noise 
or voltage induced on the transmission lines will 
appear equally on both inputs of the receiver. The 
receiver responds only to the differential signal 
coming out of the twisted-pair line and delivers a 
single-ended output signal referred to the ground 


DATA I LINE 
INPUT |TRANSMITTER 


INDUCED 

NOISE 




h OATA 
OUTPUT 


/77 

GROUND A 


GROUND 

NOISE 


m 

GROUNDS 


a. Single-Ended System 


INDUCED 

NOISE 


LINE 

K, 

LINE 

TRANSMITTER 


RECEIVER 


m 

GROUND A 




/tJ 

GROUND B 


b. Differential System 


FIGURE 1. Comparing Differential and Single-Ended 
Data Transmission 


at the receiving end. Therefore, extremely high 
noise immunities are not needed; and the trans- 
mitter and receiver can be operated from the same 
supplies as standard Integrated logic circuits. 

This article describes the operation and use of a 
line driver and line receiver for transmission sys- 
tems using twisted-pair lines. The transmitter pro- 
vides a buffered differential output from a DTL or 
TTL input signal. A four-input gate is included on 
the input so that the circuit can also perform logic. 
The receiver detects a zero crossing In the differ- 
ential Input voltage and can directly drive DTL or 
TTL integrated circuits at the receiving end. It also 
has strobe capability to blank out unwanted Input 
signals. Both the transmitter and the receiver In- 
corporate two Independent units on a single silicon 
chip. 
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AN^22 Integrated Circuits for Digital Data Transmission 


LINE DRIVER 


Figure 2 shows a schematic diagram of the line 
transmitter. The circuit has a marked resemblance 
to a standard TTL buffer. In fact, it is possible to 
use a standard dual buffer as a transmitter. How- 
ever, the DS7830 Incorporates additional features. 
For one, the output is current limited to protect 
the driver from accidental shorts in the transmis- 
sion lines. Secondly, diodes on the output clamp 
severe voltage transients that may be induced Into 
the transmission lines. Finally, the circuit has 
Internal inversion to produce a differential output 
signal, reducing the skew between the outputs and 
making the output state independent of loading. 



FIGURE 2. Schematic Diagram of the DS7830 Line 
Driver 

As can be seen from the upper half of Figure 2, a 
quadruple-emitter input transistor, Q9, provides 
four logic Inputs to the transmitter. This transistor 
drives the inverter stage formed by Q^O and Q11 


to give a NAND output. A low state logic input on 
any of the emitters of Q9 will cause the base drive 
to be removed from Q10, since Q9 will be 
saturated by current from R8, holding the base of 
Q10 near ground. Hence, Q10 and Q11 will be 
turned off; and the output will be in a high state. 
When all the emitters of Q9 are at a one logic level, 
QIO receives base drive from R8 through the for- 
ward biased collector-base junction of Q9. This 
saturates QIO and also Q11, giving a low output 
state. The Input voltage at which the transition 
occurs is equal to the sum of the emitter-base turn 
on voltages of QIO and Q11 nriinus the saturation 
voltage of Q9. This is about 1 .4V at 25°C. 

A standard "totem-pole" arrangement is used on 
the output stage. When the output Is switched to 
the high state, with Q10 and Q1 1 cut off, current 
Is supplied to the load by QT3 and Q14 which are 
connected in a modified Darlington configuration. 
Because of the high compound current gain of 
these transistors, the output resistance is quite low 
and a large load current can be supplied. R10 is 
included across the emitter-base junction of Q13 
both to drain off any collector-base leakage cur- 
rent in Q13 and to discharge the collector-base 
capacitance of Q13 when the output is switched to 
the low state. In the high state, the output level Is 
approximately two diode drops below the positive 
supply, or roughly 3.6V at 25°C with a 5.0V 
supply. 

With the output switched into the low state, QIO 
saturates, holding the base of Q14 about one diode 
drop above ground. This cuts off Q13. Further, 
both the base current and the collector current of 
Q10 are driven Into the base of Q11 saturating it 
and giving a low-state output of about 0.1V. The 
circuit is designed so that the base of Q11 is 
supplied 6 mA, so the collector can drive consider- 
able load current before it is pulled out of 
saturation. 

The primary purpose of R12 Is to provide current 
to remove the stored charge In Q1 1 and charge its 
collector-base capacitance when the circuit is 
switched to the high state. Its value Is also made 
enough less than R9 to prevent supply current 
transients which might otherwise occur* when the 
power supply Is coming up to voltage. 

*J. Kalb, "Design Considerations for a TTL Gate, 
' 'National Semiconductor TP -6 , M ay , 1 968 . 
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The lower half of the transmitter in Figure 2 is 
identical to the upper, except that an inverter 
stage has been added. This is needed so that an 
input signal which drives the output of the upper 
half positive will drive the lower half negative, and 
vice versa, producing a differential output signal. 
Transistors Q2 and Q3 produce the inversion. Even 
though the current gain Is not necessarily needed, 
the modified Darlington connection Is used to pro- 
duce the proper logic transition voltage on the 
input of the transmitter. Because of the low load 
capacitance that the inverter sees when it is com- 
pletely within the integrated circuit, it is extreme- 
ly fast, with a typical delay of 3 ns. This minimizes 
the skew between the outputs. 

One of the schemes used when dual buffers are 
employed as a differential line driver is to obtain 
the NAND output In the normal fashion and pro- 
vide the AND output by connecting the input of 
the second buffer to the NAND output. Using an 
internal inverter has some distinct advantages over 
this: for one, capacitive loads which slow down 
the response of the NAND output will not Intro- 
duce a time skew between the two outputs; 
secondly, line transients on the NAND output will 
not cause an unwanted change of state on the 
AND output. 

Clamp diodes, D1 through D4, are added on all 
inputs to clamp undershoot. This undershoot and 
ringing can occur in TTL systems because the rise 
and fall times are extremely short. 

Output-current limiting is provided by adding a 
resistor and transistor to each of the complemen- 
tary outputs. Referring again to Figure 2, when 
the current on the NAND output increases to a 
value where the voltage drop across R 1 1 is suffi- 
cient to turn on Q12, the short circuit protection 
comes into effect. This happens because further 
increases in output current flow Into the base of 
Q12 causing it to remove base drive from Q14 and, 
therefore, Q13. Any substantial increase in output 
current will then cause the output voltage to col- 
lapse to zero. Since the magnitude of the short 
circuit depends on the emitter base turn-on voltage 
of Q12, this current has a negative temperature 
coefficient. As the chip temperature increases 
from power dissipation, the available short circuit 
current Is reduced. The current limiting also serves 
to control the current transient that occurs when 


the output is going through a transition with both 
Q1 1 and Q13 turned on. 

The AND output is similarly protected by R6 and 
Q5, which limit the maximum output current to 
about 100 mA, preventing damage to the circuit 
from shorts between the outputs and ground. 

The current limiting transistors also serve to in- 
crease the low state output current capability 
under severe transient conditions. For example, 
when the current into the NAND output becomes 
so high as to pull Q11 out of saturation, the out- 
put voltage will rise to two diode drops above 
ground. At this voltage, the collector-base junction 
of Q12 becomes forward biased and supplies addi- 
tional base drive to Q11 through Q10 which is 
saturated. This minimizes any further increase in 
output voltage. 

When either of the outputs are in the high state, 
they can drive a large current towards ground 
without a significant change in output voltage. 
However, noise induced on the transmission line 
which tries to drive the output positive will cut it 
off since it cannot sink current in this state. For 
this reason, D6 and D8 are Included to clamp the 
output and keep it from being driven much above 
the supply voltage, as this could damage the 
circuit. 

When the output is in a low state. It can sink a lot 
of current to clamp positive-going induced voltages 
on the transmission line. However, it cannot 
source enough current to eliminate negative-going 
transients so D5 and D7 are included to clamp 
those voltages to ground. 

It is interesting to notes that the voltage swing 
produced on one of the outputs when the clamp 
diodes go Into conduction actually increases the 
diffferential noise immunity. For example with 
no Induced common mode current, the low-state 
output will be a saturation voltage above ground 
while the high output will be two diode drops 
below the positive supply voltage. With positive- 
going common mode noise on the line, the low 
output remains in saturation; and the high output 
is clamped at a diode drop above the positive 
supply. Hence, in this case, the common mode 
noise increases the differential swing by three 
diode drops. 
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OUTPUT SOURCE CURRENT (mA) 


FIGURE 3. High State Output Voltage as a Function of 
Output Current 


Having explained the operation of the line driver, 
it is appropriate to look at the performance In 
more detail. Figure 3 shows the high-state output 
characteristics under load. Over the normal range 
of output currents, the output resistance Is about 
10O. With higher output currents, the short circuit 
protection is activated, causing the output voltage 
to drop to zero. As can be seen from the figure, 
the short-circuit current decreases at higher 
temperatures to minimize the possibility of over- 
heating the integrated circuit. 
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OUTPUT SINK CURRENT (mA) 


FIGURE 4. Low-State Output Current as a Function of 
Output Current 

Figure 4 is a similar graph of the lovy-state output 
characteristics. Here, the output resistance Is about 
5^2 with normal values of output current. With 
larger currents, the output transistor is pulled out 
of saturation; and the output voltage increases. 
This is most pronounced at -55° C where the tran- 
sistor current gain Is the lowest. However, when 
the output voltage rises about two diode drops 
above ground, the collector-base junction of the 
current-limit transistor becomes forward biased. 


piroviding additional base drive for the output tran- 
sistor. This roughly doubles the current available 
for clamping positive common-mode transients on 
the twisted-pair line. It Is interesting to note that 
even though the output level increases to about 
2V under this condition, the differential noise 
Immunity does not suffer because the high-state 
output also Increases by about 3V with positive 
going common-mode transients. 

It is clear from the figure that the low state output 
current is not effectively lirhited. Therefor^, the 
device can be damaged by shorts between the out- 
put and the 5V supply. However, protection 
against shorts between outputs or from the out- 
puts to ground is provided by limiting the high- 
state current. 


The curves in Figures 3 and 4 demonstrate the 
performance of the line driver with large, capaci- 
tively-coupled common-mode transients, or under 



OUTPUT CURRENT (mA) 


FIGURE 5. Differential Output Voltage as a Function of 
Differential Output Current 

gross overload conditions. Figure 5 shows the 
ability of the circuit to drive a differential load: 
that Is, the transmission line. It can be seen that 
for output currents less than 35 mA, the output 
resistance Is approximately 15^2. At both tempera- 
ture extremes, the output falls off at high currents. 
At high temperatures, this Is caused by current 
limiting of the high output state. At low tem- 
peratures, the falloff of current gain in the low- 
state output transistor produces this result. 

Load lines have been included on the figure to 
show the differential output with various load 
resistances. The output swing can be read off from 
the Intersection of the output characteristic with 
the load line. The figure shows that the driver can 
easily handle load resistances greater than 100J2. 
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This is more than adequate for practical, twisted- 
pair lines. 


Figure 6 shows the no load power dissipation, for 
one-half of the dual line driver, as a function of 
frequency. This information is important for two 
reasons. First, the increase in power dissipation at 
high frequencies must be added to the excess 
power dissipation caused by the load to determine 
the total package dissipation. Second, and more 
important, it Is a measure of the “glitch" current 
which flows from the positive supply to ground 
through the output transistors when the circuit is 
going through a transition. If the output stage is 



0.1 1.0 10 100 
SWITCHING FREQUENCY (MHz) 


FIGURE 6. Power Dissipation as a Function of Switching 
Frequency 

not properly designed, the current spikes In the 
power supplies can become quite large; and the 
power dissipation can increase by as much as a 
factor of five between 100 KHz and 10 MHz. The 
figure shows that, with no capacitive loading, the 
power increase with frequencies as high as 10 MHz 
Is almost negligible. However, with large capacitive 
loads, more power is required. 

The line receiver is designed to detect a zero cross- 
ing in the differentia! output of the line driver. 
Therefore, the propagation time of the driver is 
measured as the time difference between the appli- 
cation of a step Input and the point where the 
differential output voltage crosses zero. A plot of 
the propagation time over temperature is shown in 
Figure 7. This delay is added directly to the propa- 
gation time of the transmission line and the delay 
of the line receiver to determine the total data- 
propagation time. However, in most cases, the 
delay of the driver is small, even by comparison to 
the uncertainties in the other delays. 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

FIGURE 7. Propagation Time as a Function of Tempera- 
ture 


To summarize the characteristics of the DS7830 
line driver, the input interfaces directly with stan- 
dard DTL or TTL circuits. It presents a load which 
is equivalent to a fan out of 3 to the circuit driving 
It, and it operates from the 5.0V, ±10% logic 
supplies. The output can drive low impedance lines 
down to 50n and capacitive loads up to 5000 pF. 
The time skew between the outputs is minimized 
to reduce radiation from the twisted-pair lines, and 
the circuit is designed to clamp common mode 
transients coupled into the line. Short circuit pro- 
tection is also provided. The integrated circuit con- 
sists of two independent drivers fabricated on a 
41 X 53 mil-square die using the standard TTL 
process. A photomicrograph of the chip is shown 
in Figure 8. 



FIGURE 8. Photomicrograph of the DS7830 Dual Line 
Driver 
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LINE RECEIVER 


As mentioned previously, the function of the line 
receiver is to convert the differential output signal 
of the line driver into a single ended, ground- 
referred signal to drive standard digital circuits on 
the receiving end. At the same time it must reject 
the common mode and induced noise on the trans- 
mission line. 

Normally this would not be too difficult a task 
because of the large signal swings involved. How- 
ever, it was considered important that the receiver 
operate from the -»-5V logic supply without requir- 
ing additional supply voltages, as do most other 
line receiver designs. This complicates the situation 
because the receiver must operate with ±15V input 
signals Which are considerably greater than the 
operating supply voltage. 

The large common mode range over which the cir- 
cuit must work can be reduced with an attenuator 
on the input of the receiver. In this design, the 
input signal is attenuated by a factor of 30. Hence, 
the ±15V common mode voltage is reduced to 
±0.5V, which can be handled easily by circuitry 
operating from a 5V supply. However, the differ- 
ential Input signal, which can go down as low as 
±,2.4V in the worst case, is also reduced to 
±80 rmV. Hence, It Is necessary to employ a fairly 
accurate zero crossing detector in the receiver. 

System requirements dictated that the threshold 
inaccuracy introduced by the zero crossing 
detector be less than 17 mV. In principle, this 
accuracy requirement should not pose insurmount- 
able problems because it is a simple matter to 
make well matched parts in an integrated circuit. 

Figure 9 shows a simplified schematic diagram of 
the circuit configuration used for the line receiver. 
The input signal Is attenuated by the resistive 
dividers R1-R2 and R8-R3. This attenuated 
signal Is fed Into a balanced dc amplifier, operating 
In the common base configuration. This Input 
amplifier, consisting of Q1 and Q2, removes the 
common mode component of the input signal. 
Further, it delivers an putput signal - at the 
collector of Q2, which is nearly equal in amplitude 
to the original differential input signal. This 
output signal is buffered by Q6 and drives an 
output amplifier, Q8. The output stage drives the 
logic load directly. 



FIGURE 9. Simplified Schematic of the Line Receiver 


An understanding of the circuit can be obtained 
by first considering the Input stage. Assuming high 
current gains and neglecting the voltage drop 
across R3, the collector current of Q1 will be; 

I ~ VbE 1 ~ V BE3 - V BE4 (i\ 

'ci “ R11 ■ ' / 

With equal emitter-base voltages for all transistors, 
this becomes: 


.\r-3Vg, 

Id- ■ (2) 

The output voltage at the collector of Q2 will be: 


Vc2 = V" -Ic2R12. 


(3) 


When the differential Input voltage to the receiver 
is zero, the voltages presented to the emitters of. 
Q1 and Q2 will be equal. If Q1 and Q2 are 
matched devices, vyhich is easy to arrange when 
they are fabricated close together on a single 
silicon chip, their collector currents will be equal 
with zero input voltage. Hence, the output voltage 
from Q2 can be determined by substituting (2) 
into (3): 

Vc2 = V" (V" - 3Vbe). (4) 
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For R 1 1 = R 1 2, this becomes: 

Vc2 = 3 Vbe- 

The voltage on the base of Q6 will likewise be 
3 Vbe when the output is on the verge of switching 
from a zero to a one state. A differential input 
signal which causes Q2 to conduct more heavily 
will then make the output go high, while an input 
signal in the opposite direction will cause the out- 
put to saturate. 

It should be noted that the balance of the circuit is 
not affected by absolute values of components— 
only by how well they match. Nor Is it affected by 
variations in the positive supply voltage, so it will 
perform well with standard logic supply voltages 
between 4.5V and 5.5V. In addition, component 
values are chosen so that the collector currents of 
Q4 and Q6 are equal. As a result, the base currents 
of Q4 and Q6 do not upset the balance of the 
input stage. This means that circuit performance is 
not greatly affected by production or temperature 
variations In transistor current gain. 


operation under all conditions. For one, the 
explanation of the simplified circuit Ignores the 
fact that the collector current of Q1 will be 
affected by common mode voltage developed 
across R3. This can give a 0.5V threshold error at 
the extremes of the ±15V common mode range. 
To compensate for this, a separate divider, R9 and 
RIO, is used to maintain a constant collector cur- 
rent in Q1 with varying common mode signals. 
With an increasing common mode voltage on the 
non-inverting input, the voltage on the emitter of 
Q1 will increase. Normally, this would cause the 
voltage across R11 to decrease, reducing the col- 
lector current of Q1. However, the Increasing com- 
mon mode signal also drives the top end of R 1 1 
through R9 and RIO so as to hold the voltage drop 
across R1 1 constant. 

In addition to improving the common mode rejec- 
tion, R9 also forces the output of the receiver into 
the high state when nothing is connected to the 
input lines. This means that the output will be in a 
pre-determined state when the transmission cables 
are disconnected. 


A complete schematic of the line receiver, shown 
in Figure 10, shows several refinements of the 
basic circuit which are needed to secure proper 


A diode connected transistor, Q5, Is also added in 
the complete circuit to provide strobe capability. 
With a logic zero on the strobe terminal, the out- 

RESPONSE-TIME 

CONTROL 



FIGURE 10. Complete Schematic of One Half of the DS7820 Line Receiver 
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put will be high no matter what the input signal Is. 
With the strobe, the receiver can be made Immune 
to any noise signals during intervals where no 
digital information is expected. The output state 
with the strobe on Is also the same as the output 
state with the input terminals open. 

The collector of Q2 is brought out so that an 
external capacitor can be used to slow down the 
receiver to where it will not respond to fast noise 
spikes. This capacitor, which is connected between 
the response-time-control terminal and ground, 
does not give exactly-symmetrical delays. The 
delay for input signals which produce a positive- 
going output will be less than for input signals of 
opposite polarity. This happens because the 
impedance on the collector of Q2 drops as Q6 goes 
into saturation, reducing the effectiveness of the 
capacitor. 

Another difference in the complete circuit Is that 
the output stage is improved both to provide more 
gain. and to reduce the output resistance In the 
high output state. This was accomplished by add- 
ing Q9 and Q10. When the olutput stage Is operat- 
ing in the linear region, that is, on the verge of 
switching to either the high or the low state, Q9 
and Q id form sort of an active collector load for 
Q8. The current through R15 is constant at 
approximately 2 mA as the output voltage changes 
through the active region. Hence, the percentage 
change in the collector current of Q8 due to the 
voltage change across R17 is made smaller by this 
pre-bias current; and the effective stage gain is 
Increased. 

With the output in the high state (Q8 cut off), the 
output resistance Is equal to R15, as long as the 
load current Is less than 2 mA. When the load cur- 
rent goes above this value, Q9 turns on; and the 
output resistance increases to 1.5K, the value 
ofR17. 

This particular output configuration gives a higher 
gain than either a standard DTL or TTL output 
stage. It can also drive enough current In the high 
state to make it compatible with TTL, yet outputs 
can be wire OR'ed as with DTL. 

Remaining details of the circuit are that Q7 Is con- 
nected as an emitter follower to make the circuit 
even less sensitive to transistor current gains. R16 
limits the base drive to Q7 with the output 
saturated, while R17 limits the base drive to the 
output transistor, Q8. A resistor, R7, which can be 
used to terminate the twisted-pair line is also in- 
cluded on the chip. It is not connected directly 


across the inputs. Instead, one end Is left open so 
that a capacitor can be Inserted in series with the 
resistor. The capacitor significantly reduces the 
power dissipation in both the line transmitter and 
receiver, especially In low-duty -cycle applications, 
by terminating the line at high frequencies but 
blocking steady-state current flow In the terminat- 
ing resistor. 

Since line receivers are generally used repetitively 
in a system, the DS7820 has been designed with 
two independent receivers on a single silicon chip. 
The device Is fabricated on a 41 x 49 mil-square 
die using the standard six mask planar-epitaxial 
process. The processing employed is Identical to 
that used on TTL circuits, and the design does not 
Impose any unusual demands on the processing. It 
Is only required that various parts within the 
circuit match well, but this Is easily accomplished 
in a monolithic Integrated circuit without any 
special effort in manufacturing. A photomicro- 
graph of the integrated circuit chip is shown In 
Figure 1 1 . 



FIGURE 11. Photomicrograph of the DS7820 Dual Line 
Receiver 


The only components In the circuit which see 
voltages higher than standard logic circuits are the 
resistors used to attenuate the Input signal. These 
resistors, R1, R7, R8 and R9, are diffused Into a 
separate, floating, N-type isolation tub, so that the 
higher voltage Is not seen by any of the transistors. 
For a ±15V Input voltage range, the breakdown 
voltages required for the collector-isolation and 
collector-base diodes are only 15V and 19V, 
respectively. These breakdown voltages can be 
achieved readily with standard digital processing. 

The purpose of the foregoing was to provide some 
insight into circuit operation. A more exact 
mathematical analysis of the device is developed* In 
Appendix A. 
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RECEIVER PERFORMANCE 


The characteristics of the line receiver are 
described graphically in Figures 12 through 18. 
Figure 12 illustrates the effect of supply voltage 
variations on the threshold accuracy. The upper 
curve gives the differential input voltage required 
to hold the output at 2.5V while it is supplying 
200 iiA to the digital load. The lower curve shows 
the differential input needed to hold the output at 
0.4V while it sinks 3.5 mA from the digital load. 
This load corresponds to a worst case fanout of 2 
with either DTL or TTL integrated circuits. The 
data shows that the threshold accuracy is only 
affected by ±60 mV for a ±10% change in supply 
voltage. Proper operation can be secured over a 
wider range of supply voltages, although the error 
becomes excessive at voltages below 4V. 



4 4.5 5 5.5 6 

SUPPLY VOLTAGE (V) 

FIGURE 12. Differential Input Voltage Required for 
High or Low Output as a Function of Supply Voltage 


Figure 13 is a similar plot for varying common 
mode input voltage. Again the differential input 
voltages are given for high and low states on the 
output with a worst case fanout of 2. With 
precisely matched components within the 
integrated circuit, the threshold voltage will not 



-20 -10 0 to 20 

INPUT VOLTAGE (V) 


FIGURE 13. Differential Input Voltage Required for 
High or Low Output as a Function of Common Mode Voltage 


change with common mode voltage. The 
mismatches typically encountered give a threshold 
voltage change of ±100 mV over a ±20V common 
mode range. This change can have either a 
positive slope or a negative slope. 



DIFFERENTIAL INPUT VOLTAGE (V) 
FIGURE 14. Voltage Transfer Function 


The transfer function of the circuit is given in 
Figure 14. The loading is for a worst case fanout 
of 2. The digital load is not linear, and this Is 
reflected as a non-linearity in the transfer function 
which occurs with the output around 1.5V. These 
transfer characteristics show that the only 
significant effect of temperature is a reduction In 
the positive swing at -55° C. However, the voltage 
available remains well above the 2.5V required by 
digital logic. 
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FIGURE 15. Response Time With and Without an Exter- 
nal Delay Capacitor 


Figure 15 gives the response time, or propagation 
delay, of the receiver. Normally, the delay through 
the circuit Is about 40 ns. As shown, the delay can 
be Increased, by the addition of a capacitor 
between the response-time terminal and ground, to 
make the device immune to fast noise spikes on 
the input. The delay will generally be longer for 
negative going outputs than for positive going 
outputs. 
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Under normal conditions, the power dissipated in 
the receiver is relatively low. However, with large 
common mode Input voltages, dissipation increases 
markedly, as shown in Figure 16. This is of little 
consequence with common mode transients, but 
the Increased dissipation must be taken into 
account when there is a dc difference between the 
grounds of the transmitter and the receiver. It is 
important to note that Figure 16 gives the 
dissipation for one half the dual receiver. The total 
package dissipation will be twice the values given 
when both sides are operated under identical 
conditions. 



-20 -10 0 10 20 
INPUT VOLTAGE (V) 

FIGURE 16. Internal Power Dissipation as a Function of 
Common Mode input Voltage 


Figure 17 shows that the power supply current 
also changes with common mode input voltage due 
to the current drawn out of or fed into the supply 
through R9. The supply current reaches a 
maximum with negative input voltages and can 
actually reverse with large positive input voltages. 
The figure also shows that the supply current with 
the output switched into the low state is about 
3 mA higher than with a high output.. 



-20 -10 0 10 20 
INPUT VOLTAGE (V) 

FIGURE 17. Power Supply Current as a Function of 
Common Mode Input Voltage 

The variation of the Internal termination resistance 
with temperature Is Illustrated in Figure IS.Taking 
into account the Initial tolerance as well as the 
change with temperature, the termination resis- 
tance Is by no means precise. Fortunately, in most 
cases, the termination resistance can vary 
appreciably without greatly affecting the charac- 
teristics of the transmission line. If the resistor 
tolerance is a problem, however, an external resis- 
tor can be used in place of the one provided within 
the integrated circuit. 



-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 

FIGURE 18. Variation of Termination Resistance With 
Temperature 
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DATA TRANSMISSION 


The interconnection of the DS7830 line driver 
with the DS7820 line receiver is shown in Fig- 
ure 19. With the exception of the transom ission 
line, the design is rather straightforward. Connec- 
tions on the input of the driver and the output or 
strobe of the receiver follow standard design rules 
for DTL or TTL Integrated logic circuits. The load 
presented by the driver inputs is equal to 3 stan- 
dard digital loads, while the receiver can drive a 
worst-case fanout of 2. The load presented by the 
receiver strobe is equal to one standard load. 


The purpose of Cl on the receiver is to provide dc 
Isolation of the termination resistor for the trans- 
mission line. This capacitor can both Increase the 
differential noise Immunity, by reducing attenua- 
tion on the line, and reduce power dissipation in 
both the transmitter and receiver. In some applica- 
tions, Cl can be replaced with a short between 
Pins 1 and 2, which connects the internal termina- 
tion resistor of the DS7820 directly across the 
line. C2 may be included, if necessary, to control 
the response time of the receiver, making it 
immune to noise spikes that may be coupled dif- 
ferentially Into the transmission lines. 



TIME (ms) 

FIGURE 20. Transmission Line Response With Various 
Termination Resistances 

The effect of termination mismatches on the trans- 
mission line is shown in Figure 20. The line was 
constructed of a twisted pair of No. 22 copper 
conductors with a characteristic impedance of 
approximately 17012. The line length was about 
150 ns and It was driven directly from a DS7830 
line driver. The data shows that termination resis- 
tances which are a factor of two off the nominal 
value do not cause significant reflections on the 
line. The lower termination resistors do, however, 
increase the attenuation. 


ci^ 

0.002 fiF 



FIGURE 19. Interconnection of the Line Driver and Line 
Receiver 
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Figure 21 gives the line-transmission characteristics 
with various termination resistances when a dc 
isolation capacitor is used. The line Is identical to 
that used in the previous example. It can be seen 
that the transient response is nearly the same as a 
dc terminated line. The attenuation, on the other 
hand, is considerably lower, being the same as an 
unterminated line. An added advantage of using 
the isolation capacitor is that the dc signal current 
is blocked from the termination resistor which 
reduces the average power drain of the driver and 
the power dissipation in both the driver and 
receiver. 
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FIGURE 21. Line Response for Various Termination 
Resistances With a DC Isolation Capacitor 


The effect of different values of dc Isolation 
capacitors is illustrated ip Figure 22. This shows 
that the RC time constant of the termination resis- 
tor/isolation capacitor combination should be 2 to 
3 times the line delay. As before, this data was 
taken for a 150 ns long line. 
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FIGURE 22. Response of Terminated Line With Dif- 
ferent DC Isolation Capacitors 

In Figure 23, the Influence of a varying ground 
voltage between the transmitter and the receiver is 
shown. The difference In the characteristics arises 
because the source resistance of the driver Is not 
constant under all conditions. The high output of 
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the transmitter looks like an open circuit to volt- 
ages reflected from the receiving end of the trans- 
mission line which try to drive it higher than its 
normal dc state. This condition exists until the 
voltage at the transmitting end becomes high 
enough to forward bias the clamp diode on the 5V 
supply. Much of the phenomena which does not 
follow simple transmission-line theory is caused by 
this. For example, with an unterminated line, the 
overshoot comes from the reflected signal charging 
the line capacitance to where the clamp diodes are 
forward biased. The overshoot then decays at a 
rate determined by the total line capacitance and 
the input resistance of the receiver. 

When the ground on the receiver is 15V more 
negative than the ground at the transmitting end, 
the decay with an unterminated line is faster, as 
shown in Figure 23b. This occurs because there Is 
more current from the input resistor of the 
receiver to discharge the line capacitance. With a 
terminated line, however, the transmission char- 
acteristics are the same as for equal ground volt- 
ages because the terminating resistor keeps the line 
from getting charged. 

Figure 23c gives the transmission characteristics 
when the receiver ground is 15V more positive 
than the transmitter ground. When the line is not 
terminated, the differential voltage swing is In- 
creased because the high output of the driver will 
be pulled against the clamp diodes by the common 
mode input current of the receiver. With a dc isola- 
tion capacitor, the differential swing will reach this 
same value with a time constant determined by the 
isolation capacitor and the input resistance of the 
receiver. With a dc coupled termination, the char- 
acteristics are unchanged because the differential 
load current is large by comparison to the com- 
mon mode current so that the output transistors 
of the driver are always conducting. 

The low output of the driver can also be pulled 
below ground to where the lower clamp diode con- 


ducts, giving effects which are similar to those 
described for the high output. However, a current 
of about 9 mA is required to do this, so it does not 
happen under normal operating conditions. 

To summarize, the best termination Is an RC com- 
bination with a time constant approximately equal 
to 3 times the transmission-line delay. Even 
though its value is not precisely determined, the 
internal termination resistor of the integrated cir- 
cuit can be used because the line characteristics are 
not greatly affected by the termination resistor. 

The only place that an RC termination can cause 
problems is when the data transmission rate 
approaches the line delay and the attenuation 
down the line (terminated) is greater than 3 dB. 
This would correspond to more than 1000 ft. of 
twisted-pair cable with No. 22 copper conductors. 
Under these conditions, the noise margin can dis- 
appear with low-duty-cycle signals. If this is the 
case, it is best to operate the twisted-pair line with- 
out a termination to minimize transmission losses. 
Reflections should not be a problem as they will 
be absorbed by the line losses. 


CONCLUSION 


A method of transmitting digital information in 
high-noise environments has been described. The 
technique is a much more attractive solution than 
high-noise-immunity logic as it has lower power 
consumption, provides more noise rejection, oper- 
ates from standard 5V supplies, and is fully com- 
patible with almost all integrated logic circuits. An 
additional advantage is that the circuits can be 
fabricated with integrated circuit processes used 
for standard logic circuits. 
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APPENDIX A 


LINE RECEIVER 

Design Analysis 

The purpose of this appendix is to derive mathe- 
matical expressions describing the operation of the. 
line receiver. It will be shown that the perfor- 
mance of the circuit Is not greatly affected by the 
absolute value of the components within the inte- 
grated circuit or by the supply voltage. Instead, it 
depends mostly on how well the various parts 
match. 

The analysis will assume that all the resistors are 
well matched in ratio and that the transistors are 
likewise matched, since this Is easily accomplished 
over a broad temperature range with monolithic 
construction. However, the effects of component 
mismatching will be discussed where Important. 
Further, large transistor current gains will be 
assumed, but It will be pointed out later that this 
Is valid for current gains greater than about 10. 


where V|m is the common mode input voltage and 
Ra//B^ denotes the parallel connection of the two 
resistors. In Equation (A. 1), R8 = R9, R3 - RIO, 
R10« R11, R9» R10, R3« R11, R8»R3 


and- 


R3 


R4-I-2R6+ R3 
- 3Vbe - 


«3 so it can be reduced to 


lci ~ * 


RIO 

R9 




R10+ R11 + R3 


(A. 2) 


which shows that the collector current of Q1 Is 
not affected by the common mode voltage. 


The output voltage on the collector of Q2 is 

Vc2 = V^-Ic2R12 {A. 3) 

For zero differential input voltage, the collector 
currents of Q1 and Q2 will be equal so Equation 
(A. 3) becomes 


A schematic diagram of the DS7820 line receiver 
is shown in Figure A-1. Referring to this circuit, 
the collector current of the input transistor Is 
given by 

I = ~ ^BEI ~ Vbe3 - Vbe4 

R9// R10-I- R11 -f R3// R8 

R3 R3//R11 ,, 

_ R4-^2R6-^R3 R8 + R3//R1 

R9// R10+ R11 + R3// R8 

IV, N V ) R9+ RIO// R11 
R9// R10+ R11 + R3// R8 


R12 


(v-- 


3Vb 


V+) 

R9 / 


(A 4) 

R10+R11 + R3 

It is desired that this voltage be 3 Vbe so that the 
output stage Is just on the verge of switching with 
zero Input. Forcing this condition and solving for 
R12 yields 


R12=(R10+R11 + R3) 


- 3Vbe 


V^-3Vbe-^ 


R9 


(A. 5) 
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This shows that the optimum value of R12 is 
dependent on supply voltage. For a 5V supply it 
has a value of 4.7 kO. Substituting this and the 
other component values into (A. 4), 

Vc2 =2.83 Vbe + 0.081V'^, (A. 6) 

which shows that the voltage on the collector of 
Q2 will vary by about 80 mV for a IV change in 
supply voltage. 

The next step in the analysis is to obtain an 
expression for the voltage gain of the input stage. 



FIGURE A-2. Equivalent Circuit Used to Calculate Input 
Stage Gain 

An equivalent circuit of the input stage is given in 
Figure A-2. Noting that R6 = R7 = R8 and 
R2 s 0.1 (R6 + R7//R8),the change in the emitter 
current of Q1 for a change in input voltage is 

0.9 R2 

(0.9 R2-h Re2) 

Hence, the change in output voltage will be 
AVqut ~ o:Ie2^^2 

0.9a R2 R12 . 

R1 (0.9 R2+ Re2) 

Since as 1, the voltage gain is 
^ 0-9R2R12 

R1 (0.9 R2 + Re2) 

The ernitter resistance of Q2 is given by 

r. kJ ,,,, 


Finally, the threshold error due to finite gain in 
the output stage can be considered. The collector 
current of Q7 from the bleeder resistor R14, is 
large by comparison to the base current of Q8, if 
Q8 has a reasonable current gain. Hence, the col- 
lector current of Q7 does not change appreciably 
when the output switches from a logic one to a 
logic zero. This Is even more true for Q6, an 
emitter follower which drives Q7. Therefore, it is 
safe to presume that Q6 does not load the output 
of the first-stage amplifier, because of the com- 
pounded current gain of the three transistors, and 
that Q8 is driven from a low resistance source. 

It follows that the gain of the output stage can be 
determined from the change in the emitter-base 
voltage of Q8 required to swing the output from a 
logic one state to a logic zero state. The expression 


describes the change in emitter-base voltage re- 
quired to vary the collector current from one 
value, Ici, to a second, 1^2- With the output of 
the receiver in the low state, the collector current 
of Q8 Is 

I _ ~ ~ ^BE9 ~ ^BEIO 

lOL R17 


where Vql 's the low state output voltage and 
•sink 's the current load f,rom the logic that the 
receiver Is driving. Noting that R13 = 2R14 and 
figuring that all the emitter-base voltages are the 
same, this becomes 

V^-VoL - 2 Vrf Vre 


q(V+-3VBE) 

Therefore, at 25°C where 670 mV and 

kT/q = 26 mV, the computed value for gain is 
0.745. The gain is not greatly affectec^ by tempera- 
ture as the gain at -55°C where VsE'SIOmV 
and kT/q = 18 mV is 0.774, and the gain at 125°C 
where VgE'^SO ^tiV and kT/q = 34 mV is 0.730. 


”2R14 SINK- 

Similarly, with the output in the high state, the 
collector current of Q8 is 

V^ - VoH - Vrfq - Vrfio 


With a voltage gain of 0.75, the results of Equa- 
tion (A. 6) show that the Input referred threshold 
voltage will change by 0.11V for a IV change in 
supply voltage. With the standard ±1 0-percent 
supplies used for logic circuits, this means that the 
threshold voltage will change by less than ±60 mV. 


+ rTs ~ ^SOURCE » (A. 16) 

where Vqh >s the high-level output voltage and 
•source is the current needed to supply the input 
leakage of the digital circuits loading the 
comparator. 
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With the same conditions used in arriving at 
(A. 15), this becomes 

I ~ Vqh ~ 2Vbe Vbe 

R17 R15 

Vbe 

“ 2 R 1 4 ~ ^SOURCE • (A. 17) 

From (A. 13) the change in the emitter-base volt- 
age of Q8 in going from the high output level to 
the low output level is 

AVbe = loQe (A. 18) 

M «OH 

providing that Q8 is not quite in saturation, al- 
though it may be on the Verge of saturation. 


The change of input threshold voltage Is then 
AVth = ^ l09e (A. 19) 

qAvi Iqh 

where Ayi is the Input stage gain. With a worst 
case fanout of 2, where Vqh = 2.5V, Vql= 0.4V, 
•source ~ '‘^OiuA and Isink ~ 3.2 mA, the calcu- 
lated change In threshold is 37 mV at 25°C, 
24 mV at -55°C and 52 mV at 125°C. 

The measured values of overall gain differ by 
about a factor of two from the calculated gain. 
This is not too surprising because a number of 
assgmptlons were made which introduce small 
errors, and all these errors lower the gain. It is also 
not too Important because the gain Is high enough 
where another factor of two reduction would not 
cause the circuit to stop working. 

The main contributors to this discrepancy are the 
non-ideal behavior of the emitter-base voltage of 
Q8 due to current crowding under the emitter and 
the variation in the emitter base voltage of Q7 and 
Q8 with changes In collector-emitter voltage (hpE)- 


Although these parameters can vary considerably 
with different manufacturing methods, they are 
relatively fixed for a given process. The AVge 
errors introduced by these quantities, if known, 
can be added directly into Equation (A. 18) to 
give a more accurate gain expression. 

The most stringent matching requirement In the 
receiver is the matching of the input stage divider 
resistors: R1 with R8 and R2 with R3. As little as 
1% mismatch in one of these pairs can cause a 
threshold shift of 150 mV at the extremes of the 
±15V common mode range. Because of this, it is 
necessary to make the resistors absolutely identical 
and locate them close together. In addition, since 
R1 and R8 do dissipate a reasonable amount of 
power, they have to be located to minimize the 
thermal gradient between them. To do this, R9 
was located between R1 and R8 so that it would 
heat both of these resistors equally. There are not 
serious heating problems with R2 and R3; how- 
ever, because of their low resistance value, it was 
necessary even to match the lengths of the 
aluminum interconnects, as the resistance of the 
aluminum is high enough to cause Intolerable mis- 
matches. Of secondary importance is the matching 
of Q1 and Q2 and the matching of ratios between 
R11 and R12. A 1 mV difference in the emitter- 
base voltages of Q1 and Q2 causes a 30 mV Input 
offset voltage as does a 1% mismatch in the ratio 
of R11 to R12. 

The circuit Is indeed Insensitive to transistor 
current gains as long as they are above 10. The 
collector currents of Q4 and Q6 are made equal so 
that their base currents load the collectors of Q1 
and Q2 equally. Hence, the input threshold voltage 
is affected only by how well the current gains 
match. Low current gain in the output transistor, 
Q8, can cause a reduction In gain. But even with a 
current gain of TO, the error produced in the input 
threshold voltage is less than 50 mV. 
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Applications 


APPLYING MODERN CLOCK 
DRIVERS TO MOS MEMORIES 


INTRODUCTION 

MOS memories present unique system and circuit 
challenges to the engineer since they require precise 
timing of input wave forms. Since these inputs present 
large capacitive loads to drive circuits, it is often that 
timing problems are not discovered until an entire 
system is constructed. This paper covers the practical 
aspects of using modern clock drivers in MOS memory 
systems. Information includes selection of packages and 
heat sinks, power dissipation, rise and fall time consid- 
erations, power supply decoupling, system clock line 
ringing and crosstalk, input coupling techniques, and 
example calculations. Applications covered include 
driving various types shift registers and RAM's (Random 
Access Memories) using logical control as well as other 
techniques to assure correct non-overlap of timing wave- 
forms. 

Although the information given is generally applica- 
ble to any type of monolithic integrated circuit, the 
DS0025, DS0026 and DS0056 are selected as examples 
because of their low cost. 

The DS0025 was the first monolithic clock driver. 
It is intended for applications up to one megacycle 
where low cost is of prime concern. Table I illustrates 
its performance while Appendix I describes its circuit 
operation. Its monolithic, rather than hybrid or module 
construction, was made possible by a new high voltage- 
gold doped process utilizing a collector sinker to mini- 
mize VcE SAT. 


TABLE I. DS0025 Characteristics 


PARAMETER 

CONDITIONS (V^ - V") = 17V 

VALUE 

UNITS 

^ON 


15 

ns 

toFF 

C,N =0.0022juF, R,n = 0^2 

30 

ns 

t, 

Cl = O.OOOIjuF, RO = 50J2 

25 

ns 



150 

ns 

Positive Output Voltage Swing 

V,N-V- = 0V, louT = -1mA 

- 0.7 

V 

Negative Output Voltage Swing 

liisj “ 10mA, Iqut “ 1mA 

V" + 1.0 

V 

On Supply Current (V"*") 

1 IN “ 10 m A 

17 

mA 


TABLE II. DS0026 Characteristics 


PARAMETER 

CONDITIONS (V^ - V) = 17V 

VALUE 

UNITS 

^ON 


7.5 

ns 

^OFF 

C|M — O.OOlpF, R||x) ~ 0S2 

7.5 

ns 

t, 

R0 = 50S2, Cl = 1000 pF 

25 

ns 

tf 


25 

ns 

Positive Output Voltage Swing 

V,N - V- = 0V, = -1mA 

V^ - 0.7 

V 

Negative Output Voltage Swing 

lifj = 10mA, Iqut ~ 1mA 

V" + 0.5 

V 

On Supply Current (V^) 

1 iM ~ 1 0 m A 

28 

mA 


The DS0026 is a high speed, low cost, monolithic clock 
driver intended for applications above one megacycle. 
Table II illustrates its performance characteristics while 
its unique circuit design is presented in Appendix II. 
The DS0056 is a variation of the DS0026 circuit which 
allows the system designer to modify the output per- 
formance of the circuit. The DS0056 can be connected 
(using a second power supply) to increase the positive 
output voltage level and reduce the effect of cross 
coupling capacitance between the clock lines in the 
systehn. Of course the above are just examples of the 
many different types that are commercially available. 
Other National Semiconductor MOS interface circuits 
are listed in Appendix III. 

The following section will hopefully allow the design 
engineer to select and apply the best circuit to his parti- 
cular application while avoiding common system pro- 
blems. 

PRACTICAL ASPECTS OF USING 
MOS CLOCK DRIVERS 

Package and Heat Sink Selection 

Package type should be selected on power handling 
capability, standard size, ease of handling, availability 
of sockets, ease or type of heat sinking required, relia- 
bility and cost. Power handling capability for various 
packages is illustrated in Table 111. The following guide- 
lines are recommended: 


NATIONAL 
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The TO-5 {"H") package is rated at 750 mW still air 
(derate at 200°C/W above 25°C) soldered to PC board. 
This popular cavity package is recommended for small 
systems. Low cost (about IQ cents) clip-on heat sink 
increases driving capability by 50%. 

The 8-pin ("N") molded minj-DIP is rated at 600 mW 
still air (derate at 90°C/W above 25°C) soldered to PC 
board (derate at 1.39W). Constructed with a special cop- 
per lead frame, this package is recommended for 
medium size commercial systems particularly where 
automatic insertion is used. (Please note for prototype 
work, that this package^ Is only rated at 600 mW when 
mounted in a socket and not one watt until it is soldered 
down.) 

To TO-8 ("G") package is rated at 1.5W still air (derate 
at 100°C/W above 25°C) and 2.3W with clip-on heat 
sink (Wakefield type 215-1.9 or equivalent-derate at 
15 mW/°C). Selected for its power handling capability 
and moderate cost, this hermetic package will drive very 
large systems at the lowest cost per bit. 

Additional information is given in the section of this 
data book on Maximum Power Dissipation (page 2). 

Power Dissipation Considerations 

The amount of registers that can be driven by a given 
clock driver is usually limited first by Internal power 
dissipation. There are four factors; 

1 . Package and heat sink selection 

2. Average dc power, P^c 

3. Average ac power, P^c 

4. Numbers of drivers per package, n 

From the package heat sink, and maximum ambient 
temperature one can determine Pmax» which is the 
maximum internal power a device can handle and still 
operate reliably. The total average power dissipated In a 
driver is the sum of dc power and ac power in each 
driver times the number of drivers. The total of which 
must be less than the package power rating. 


PqISS ~ Pdc) ^ i^MAX 


Average dc power has three components: input power, 
power In the "OFF" state (MOS logic "0") and power 
in the "ON" state (MOS logic "1"). 


Ppc ~ P|N pQFF Pqn ^2) 


For most types of clock drivers, the first two terms are 
negligible (less than 10 mW) and may be ignored. 

Thus; 

Pdc ~ ^ON ~ ^ (DC) 

Req 


where: 

- V~ = Total voltage across the driver 

Req = Equivalent device resistance In the 

"ON" state 

= V'^-V/ls,oN) (3) 

DC = Duty Cycle 

"ON" Time 

"ON" Time + "OFF" Time 


For the DS0025, Req is typically 1 kS2 while Req is 
typically 60012 for the DS0026. Graphical solutions for 
Pdc appear in Figure 1. For example if = +5V, 
V“ = -12V, Req = 500 S2, and DC = 25%, then Ppc = 
145 mW. However, If the duty cycle was only 5%, 
Pdc 29 mW. Thus to maximize the number of regis- 
ters that can be driven by a given clock driver as well as 
minimizing average system power, the minimum allow- 
able clock pulse vyidth should be used for the particular 
type of MOS register. 



0 10 ZO 30 40 50 60 70 

DUTY CYCLE (%) 


FIGURE 1. Pqc vs Duty Cycle 


In addition to Pdc» the power driving a capacitive load 
is given approximately by; 


Pac = xf xCl (4) 

where; 

f = Operating frequency 
Cl = Load capacitance 


Graphical solutions for P^s^c illustrated In Figure 2. 
Thus, any type of clock driver will dissipate internally 
290 mW per MHz per thousand pF of load. At 5 MHz, 
this would be 1.5W for a 1000 pF load. For long shift 
register applications, the driver with the highest package 
power rating will drive the largest number of bits. 
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Combining equations (1), (2), (3) and (4) yields a criter- 
ion for the maximum load capacitance which can be 
driven by a given driver: 


AV 


*OUT PEAK 



0 0.5 1.0 1.5 2.0 2.5 

PULSE REPETITION FREQUENCY (MHz) 

FIGURE 2. Pac vsPRF 


P MAX 

_ (DC)' 

n (V+-V“P 

Req 


(5) 


Logic rise and fall times must be known in order to 
assure non-overlap of system timing. 

Note the definition of rise and fall times in this appli- 
cation note follow the convention that rise time is the 
transition from logic "0" to logic "1" levels and vice 
versa for fall times. Since MOS logic is inverted from 
normal TTL, “rise time" as used in this note is “voltage 
fall" and “fall time" is “voltage rise." 

Power Supply Decoupling 

Although power supply decoupling is a wide spread and 
accepted practice, the question often arises as to how 
much and how often. Our own experience indicates 
that each clock driver should have at least 0.1/iF de- 
coupling to ground at the and V” supply leads. 
Capacitors should be located as close as is physically 
possible to each driver. Capacitors should be non-induc- 
tive ceramic discs. This decoupling is necessary because 
currents in the order of 0.5 to 1.5 amperes flow during 
logic transitions. 


As an example, the DS0025CN can dissipate 890 mW at 
Ta = 70°C when soldered to a printed circuit board. 
Req is approximately equal to Ik. For = 5V, V“ = 
-12V, f = 1 MHz, and dc = 20%, C,_ is: 


^ 1 ((890x 10"^) _ 0.2 ] 

‘■"1^ [ (2) (17)2 1 X Vo^J 

Cl ^ 1340 pF (each driver) 


A typical application might involve driving an MM5013 
triple 64-bit shift register with the DS0025. Using the 
conditions above and the clock line capacitance of the 
MM5013 of 60 pF, a single DS0025 can drive 1340 pF/ 
60pF, or 22 MM5013's. 

In summary, the maximum capacitive load that any 
clock driver can drive is determined by package type and 
rating, heat sink technique, maximum system ambient 
temperature, ac power (which depends on frequency, 
voltage across the device, and capacitive load) and dc 
power (which is principally determined by duty cycle). 

Rise and Fall Time Considerations 

In general rise and fall times are determined by (a) clock 
driver design, (b) reflected effects of heavy external 
load, and (C) peak transient current available. Details of 
these are included in Appendixes I and II. Figures AI-3, 
Af-4, AN-2 and AlH-3 illustrate performance under 
various operating conditions. Under light loads, per- 
formance is determined by internal design of the driver; 
for moderate loads, by load being reflected (usually 
as Cl//j) into the driver, and for large loads by peak 
output current where: 


There is a high current transient (as high as 1.5A) 
during the output transition from high to low through 
the V~ lead. If the external interconnecting wire from 
the driving circuit to the V“ lead is electrically long, or 
has significant dc resistance the current transient will 
appear as negative feedback and subtract from the 
switching response. To minimize this effect, short Inter- 
connecting wires are necessary and high frequency 
power supply decoupling capacitors are required if V” is 
different from the ground of the driving circuit. 

Clock Line Overshoot and Cross Talk 

Overshoot: The output waveform of a clock driver can, 
and often does, overshoot. It is particularly evident on 
faster drivers. The overshoot is due to the finite induc- 
tance of the clock lines. Since most MOS registers require 
that clock signals not exceed Vss, some method must be 
found in large systems to eliminate overshoot. A straight- 
forward approach is shown in Figure 3. In this instance. 


V*=5V 



FIGURE 3. Use of Damping Resistor to Eliminate 
Clock Overshoot 
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a small damping resistor is inserted between the output 
of the clock driver and the load. The critical value for 
Rs is given by: 



In practice, analytical determination of the value for 
Rs is rather difficult. However, Rs is readily deter- 
mined empirically, and typical values range in value 
between 10 and 50r2. 

Use of the damping resistor has the added benefit of 
essentially unloading the clock driver; hence a greater 
number of loads may often be driven by a given driver. 
In the limit, however, the maximum value that may be 
used for Rs will be determined by the maximum allow- 
able rise and fall time needed to assure proper operation 
of the MOS register. In short: 

^r(IVIAX) tf(MAX) ^ 2.2 RsCj_ (7) 

One last word of caution with regard to use of a damp- 
ing resistor should be mentioned. The power dissipated 
In Rs can approach (V^ — V~)^fCL and accordingly 
the resistor wattage rating may be in excess of 1W. 
There are, obviously, applications where degradation of 
tr and tf by use of damping resistors cannot be tolerated. 
Figure 4 shows a practical circuit which will limit over- 
shoot to a diode drop. The clamp network should 
physically be located in the center of the distributed 
load in order to minimize inductance between the 
clamp and registers. 


+5V 



FIGURE 4. Use of High Speed Clamp to Limit 
Clock Overshoot 


Cross Talk: Voltage spikes from 0i may be transmitted 
to 02 (and, vice versa) during the transition of 0i to MOS 
logic "1." The spike is due to mutual capacitance 
between clock lines and is. In general, aggravated by long 
clock lines when numerous registers are being driven. 
Figure 5 Illustrates the problem. 



FIGURE 5. Clock Line Cross Talk 

The negative going transition of 0i (to MOS logic ''1") 
Is capacitively coupled via Cm to 02. Obviously, the 
larger C,^ is, the larger the spike. Prior to 0i's transi- 
tion, Q1 is "OFF" since only ;uA are drawn from the 
device. 

The DS0056 connected as shown in Figure 6 will mini- 
mize the effect of cross talk. The external resistors to 
the higher power supply pull the base of a Q1 up to a 
higher level and forward bias the collector base junction 
of Q1. In this bias condition the output Impedance of 
the DS0056 is very low and , will reduce the amplitude 
of the-spikes. 


+5V +8V +8V 



FIGURE 6. Use of DS0056 to Minimize 
Clock Line Cross Talk 


Input Capacitive Coupling 

Generally, MOS shift registers are powered from +5V 
and -12V supplies. A level shift frofn the TTL levels 
(-I-5V) to MOS levels {-"12V) is therefore required. The 
level shift could be made utilizing a PNP; transistor or 
zener diode. The disadvantage to dc level shifting Is the 
increased power dissipation and propagation delay in the 
level shifting device. Both the DS0025, DS0026 and 
DS0056 utilize input capacitors when level shifting from 
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TTL to negative MOS capacitors. Not only do the 
capacitors perform the level shift function without 
inherent delay and power dissipation, but as will be 
shown later, the capacitors also enhance the performance 
of these circuits. 

CONCLUSION 

The practical aspects of driving MOS memories with low 
cost clock drivers has been discussed in detail. When the 
design guide lines set forth in this paper are followed and 
reasonable care is taken in circuit layout, the DS0025, 
DS0026 and DS0056 provide superior performance for 
most MOS input interface applications. 
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APPENDIX I 

DS0025 Circuit Operation 

the schematic diagram of the DS0025 is shown in 
Figure AI-1. With the TTL driver in the logic "0" state 
Q1 is “OFF" and Q2 is “ON" and the output is at 
approximately one Vbe below the V'*’ supply. 



FIGURE AI-1. DS0026 Schematic (One-Half Circuit) 


When the output of the TTL driver goes high, current is 
supplied to the base of Q1, through 0,^ , turning it “ON." 
As the collector of 01 goes negative, 02 turns “OFF." 
Diode CR2 assures turn-on of 01 prior to 02's turn-off 
minimizing current spiking on the line, as well as 
providing a low impedance path around 02's base emit- 
ter junction. 

The negative voltage transition (to MOS logic "1") will 
be quite linear since the capacitive load will force 01 
into its linear region until the load is discharged and 01 
saturates. Turn-off begins when the input current de- 
cays to zero or the output of the TTL driver goes low. 
Q1 turns "OFF" and 02 turns “ON" charging the load 
to within a Vbe the supply. 

Rise Time Considerations 

The logic rise time (voltage fall) of the DS0025 is pri- 
marily a function of the ac load. Cl, the available input 
current and total voltage swing. As shown in Figure AI-2, 

V'*' 



FIGURE AI-2. Rise Time Model for the DS0025 

the Input current must charge the Miller capacitance of 
01, Cjc, as well as supply sufficient base drive to Q1 
to discharge Cl rapidly. By inspection; 

•in “ *R1 (AI-1) 

liN = Im + U* Iri & *b *R1 

AV . 

•B^hN“Cxc — (AI-2) 

At 

If the current through R2 is ignored, 

•c “ 'b hpEQi k + (m (Al-3) 

where: 


Combining equations AI-1, AI-2, Al-3 yields: 
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AV 

-^[Cl + Ctc (hpEQI + 1)3 , ~ hpEQi l|M (AI-4) 
At 


or 

-j- ~ ^ ^hpEQi + 1)Cjc3 AV (AI-5 

hpEQi l„SJ 

Equation (AI-5) may be used to predict t^ as a function 
of Cl and AV. Values for Cjc and hpg are TO pF and 
25 respectively. For example. If a DM7440 with peak 
output current of 50 mA were used to drive a DS0025 
loaded with lOOO pF, rise times of: 

(1000 pF + 250 pF) (17V) 

(50 mA) (20) 


voltage rise and optimistic values at the end. Figure 
A/-5 shows tf as function of Cl - 



0 200 400 600 800 1000 

LOAD CAPACITAWCE, Cl (pF) 

FIGURE AI-5. OS0025 Fall Time vsCl 


or 21 ns may be expected for V^ = 5.0V, V = ~12V, 
Figure At-3 gives rise time for various values of Cl- 



0 200 400 600 800 1000 

LOAD CAPACITANCE, Cl (pF) 

FIGURE AI-3. Rise Time vs Cl for the DS 0025 


Fall Time Considerations 

The MOS logic fall time (voltage rise) of the DS0025 Is 
dictated by the load. Cl, and the output capacitance of 
Q1. The fall time equivalent circuit of DS0025 may be 
approximated with the circuit of Figure Ai-4. In actual 


v+ 

UvG 

Ctcqi = OUTPUT CAPACITANCE OF Q1 
^ lOpF 

hpEQ2 = CURRENT GAIN.0FQ2 
' 20 



'avg = Avg current THROUGH Rz 
V ^ - V 

Ctcoi ^.^-j-vlOpF 


'm2~~ 


FIGURE AI-4. Fall Time Equivalent Circuit 

practice, the base drive to Q2 drops as the output volt- 
tage rises toward V^. A rounding of the waveform occurs 
as the output voltage reaches to within a volt of V"^. The 
result is that equation (AI-7) predicts conservative values 
of tf for the output voltage at the beginning of the 


Assuming hp £2 is a constant of the total transition: 
AV _ /V^-V~^ 

At \ 2R2 / <AI-6) 

CtCQI CL/hpEQl-Kl 
or 

t,^ 2R2 (ctcqi+ 

\ hpEQ+1 / 

DS0025 Input Drive Requirements 

Since the DS0025 Is generally capacitively coupled at 
the input, the device is sensitive to current not input 
voltage. The current required by the input is in the 50— 
60 mA region. It is therefore a good Idea to drive the 
DS0025 from TTL line drivers, such as the DM7440 or 
DM8830. It is, possible to drive the DS0025 from stan- 
dard 54/74 series gates or flip-flops but t©N t^ will 
be somewhat degraded. 

Input Capacitor Selection 

The DS0025 may be operated in either the logically 
controlled mode (pulse width out = pulse width in) 
or C|N may be used to set the output pulse width. In 
the latter mode a long pulse is supplied to the DS0025. 


I.IM 



FIGURE AI-6. DS0025 Input Current Waveform 
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The input current is of the general shape as shown in 
Figure AI-6. Imax 's the peak current delivered by the 
TTL driver into a short circuit (typically 50—60 mA). 
Q1 will begin to turn-off when I|m decays below Vge/ 
R1 or about 2.5 mA. In general: 


The logic “1" output impedance of the DM7440 is 
approximately 65^2 and the peak current Umax) 's 
about 50 mA. The pulse width for C|n = 2,200 pF is: 


25 ns + 1 50 ns 

+ (650) (2200 pF) In 

2 


RO = Output Impedance of the TTL driver 
C|N = Input coupling capacitor 


Substituting \^^ = l|v 


• and solving for t-, yields: 


A plot of pulse width for various types of drivers is 
shown in Figure Ai-7. For applications in which the 
output pulse width is logically controlled, C|n should 
be chosen 2 to 3 times larger than the maximum pulse 
width dictated by equation (AMO). 


t-, - R0C|(sj In - 

•min 


The total pulse width must include rise and fall time 
considerations. Therefore, the total expression for 
pulse width becomes: 


DC Coupled Operation 

The DS0025 may be direct-coupled in applications 
when level shifting to a positive value only. For exam- 
ple, the MM1103 RAM typically operates between 
ground and -I-20V. The DS0025 is shown in Figure 
AI 8 driving the addres or precharge line in the logically 
controlled mode. 


onr- , ’max 

+ ROCin, In 

2 Imin 


If DC operation to a negative level is desired, a level 
translator such as the DS7800 or DS0034 may be 
employed as shown in Figure AI-9. Finally, the level 
shift may be accomplished using PNP transistors are 
shown in Figure A I- 10. 


I FOR INPUT PULSE <65 + ROC, N In 


I * 1 I 1 




200 600 1000 1400 1800 2200 


L ml L ml 


FIGURE AI-7. Output PW Controlled by Cin 


FIGURE AI-8. DC Coupled DS0025 Driving 1103 RAM 




n ^470 I * 1 - 


r— . — , 


1 I I B 


TO MOS SHIFT TTL 

' & REGISTERS INPUTS 


I I 


I DH00340 I 


MH00Z5CN j 


usuuzauN j 
h 0.1(iF 


FIGURE AI-9. DC Coupled Clock Driver Using DS0034 


FIGURE AMO. Transistor Coupled DS0025 Clock Driver 
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APPENDIX II 
DS0026 Circuit Operation 

The schematic of the DS0026 is shown in Figure A! 1-1 . 
The device is typically ac coupled on the Input and 
responds to input current as does the DS0025. Inter- 
nal current gain allows the device to be driven by stan- 
dard TTL gates and flip-flops. 

With the TTL input In the low state Q1 , Q2, Q5, Q 6 and 
Q7 are "OFF” allowing Q3 and Q4 to come ”ON.” R 6 
assures that the output will pull up to within a V 3 E of 
V*" volts. When the TTL input starts toward logic ”1/' 
current is supplied via C|N to the bases of Q 1 and Q2 
turning them ”ON.” Simultaneously, Q3 and Q4 are 
snapped "OFF.” As the input voltage rises (to about 
1.2V), Q5 and Q 6 turn-on. Multiple emitter transistor 
Q5 provides additional base drive to Q1 and Q2 assur- 
ing their complete and rapid turn-on. Since Q3 and 
Q4 were rapidly turned "OFF" minimal power supply 
current spiking will occur when Q7 comes "ON." 



FIGURE AIM. DS0025 Schematic (One-Half Circuit) 

06 now provides sufficient base drive to 07 to turn It 
"ON." The load capacitance Is then rapidly discharged 
toward V~. Diode D4 affords a low impedance path to 
Q 6 's collector which provides additional drive to the 
load through current gain of 07. Diodes D 1 and D2 pre- 
vent avalanching OS's and Q4's base-emitter junction as 
the collectors of 01 and 02 go negative. The output of 
the DS0026 continues negative stopping about 0.5V 
more positive than V~. 

When the TTL input returns to logic "0," the Input 
voltage to the DS0026 goes negative by an amount 
proportional to the charge on C|m. Transistors 08 and 
09 turn-on, pulling stored base charge out of 07 and 02 
assuring their rapid turn-off. With 01, 02, 06 and 07 
"OFF," Darlington connected 03 and 04 turn-on and 
rapidly charge the load to within a Vge of V"^. 


Rise Time Considerations 

Predicting the MOS logic rise time (voltage fall) of the 
DS0026 is considerably involved, but a reasonable 
approximation may be made by utilizing equation 
(A 1-5), which reduces to: 

tr = [Cl + 250 X 10“''^] AV (AIM) 

For Cl = 1000 pF, V"^ = 5.0V, V =~12V, t^s21 ns. 
Figure All-2 shows DS0026 rise times vs Cl- 



0 200 400 600 800 1000 1200 

LOAD CAPACITANCE (pF) 

FIGURE All-2. Rise Time vs Load Capacitance 
Fall Time Considerations 

The MOS logic fall time of the DS0026 Is determined 
primarily by the capacitance Miller capacitance of Q5 
and Q1 and R5. The fall time may be predicted by: 

t,^(2.2)(R5) (C 3 +^) 

(All-2) 

.,4.4x,0», 

where: 

Cs = Capacitance to ground seen at the base of 03 
= 2pF 

hpE^ = (hpEQ3 + 1) (hpEQ4 + 1) 

^ 500 

For the values given and Cl = 1000 pF, tf = 17.5 ns. 
Figure AU-3 gives tf for various values of Cl- 
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FIGURE All-3. Fall Time vs Load Capacitance 
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DS0026 input Drive Requirements 


The DS0026 was designed to be driven by standard 
54/74 elements. The device's input characteristics are 
shown in Figure All-4. There is breakpoint at Vifg = 
0.6V which corresponds to turn-on of Q1 and Q2. The 
input current then rises with a slope of about 600r2 
(R2 II R3) until a second breakpoint at approximately 
1.2V is encountered, corresponding to the turn-on of Q5 
and Q6. The slope at this point is about 15012 (R1 II 
R2 II R3 II R4). 



INPUT VOLTAGE (V) 

FIGURE All-4. Input Current vs Input Voltage 

The current demanded by the input is in the 5—10 mA 
region. A standard 54/74 gate can source currents in 
excess of 20 mA into 1.2V. Obviously, the minimum 
“1" output voltage of 2.5V under these conditions can- 
not be maintained. This means that a 54/74 element 
must be dedicated to driving 1/2 of a DS0026. As far as 
the DS0026 is concerned, the current is the determining 
turn-on mechanism not the voltage output level of the 
54/74 gate. 

Input Capacitor Selection 

A major difference between the DS0025 and DS0026 is 
that the DS0026 requires that the output pulse width 
be logically controlled. In short, the Input pulse width ^ 
output pulse width. Selection of Ci^ boils down to 
choosing a capagitor small enough to assure the capacitor 
takes on nearly full charge, but large enough so that the 
Input current does not drop below a minimum level to 
keep the DS0026 "ON." As before: 


(All-3) 


(All-4) 


In this case RO equals the sum of the TTL gate output 
Impedance plus the input impedance of the DS0026 
(about 15012). Imin from Figure All-5 is about 1 mA. 
A standard 54/74 series gate has a high state output 
impedance of about 15Q12 in the logic "1" state and an 
output (short circuit) current of about 20 mA into 1.2V. 
For an output pulse width of 500 ns. 


t-) — R0C||vj In 


ROIn 


C 


IN ” 


500 X 10"® 

= 560 pF 

20 mA 

(15012 + 150l2)ln 

1 mA 



0 10 20 30 40 

Iqut (n>A) 


FIGURE All-5. Logical "1" Output Voltage 
vs Source Current 

In actual practice it's a good idea to use values of about 
twice those predicted by equation (All-4) in order to 
account for manufacturing tolerances in the gate, DS0026 
and temperature variations. 

A plot of optimum value for Ci^ vs desired output pulse 
width is shown in Figure All-6. 
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FIGURE All-6. Suggested Input Capacitance 
vs Output Pulse Width 


DC Coupled Applications 


The DS0026 may be applied in direct coupled applica- 
tions. Figure All-7 shows the device driving address or 
pre-charge lines on an MM 1 103 RAM. 


+17V 



FIGURE All-7. DC Coupled RAM Memory Address or 
Precharge Driver (Positive Supply Only) 
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AN -76 Applying Modern Clock Drivers to MOS Memories 


For applications requiring a dc level shift, the circuit of 
Figure AU-8 orAIF9 are recommended. 



FIGURE A|l-8. Transistor Coupled MOS Clock Driver 



APPENDIX III 


MOS Interface Circuits 


MOS Clock Drivers 


MH0007 

MH0009 

MH0012 

MH0013 

DS0025 

DS0026 

DS1671 

DS1672 


Direct coupled, single phase, TTL 
compatible clock driver. 

Two phase, direct or ac coupled 
clock driver. 

10 MHz, single phase direct coupled 
clock driver. 

Two phase, ac coupled clock driver. 
Low cost, two phase clock driver. 

Low cost, two phase, high speed 
clock driver. 

Dual bootstrapped MOS driver. 
Dual TTL bootstrapped MOS driver. 


DS1673 Quad decoded MOS clock driver. 

DS1674 Quad MOS clock driver. 

DS75361 Dual TTL-to-MOS driver. 

DS75365 Quad TTL-to-MOS driver. 

MOS Oscillator/Clock Drivers 

DS7803/DS7807, Complete two phase clock system 

DS7813/DS7817 for MOS microprocessors and cal- 

culators. 

MOS RAM Memory Address and Precharge Drivers 

DS0025 Dual address and precharge driver. 

DS0026 Dual high speed address and pre- 

charge driver. 

TTL to MOS Interface 


DH0034 Dual high speed TTL to negative 

level converter. 


DS7800 


Dual TTL to negative level con- 
verter. 


DS7810/DS7812/ 

DS7819 

DS78L12 

DS1640/DS1670 

DS1645/DS1675 

DS1646/DS1676 


Open collector TTL to positive 
high level MOS converter gates. 

Active pull-up TTL to positive high 
level MOS converter gates. 

Quad MOS TRI-SHARE'^'^ driver. 
Hex TRI-STATE® MOS driver. 

6-blt TRI-STATE MOS driver re- 
fresh counter. 


DS1647/DS1677 


Quad TRI-STATE MOS driver I/O 
register. 


DS1648/DS1678 


TRI-STATE MOS driver multi- 
plexer. 


DS1649/DS1679 Hex TRI-STATE MOS driver. 
DS16149/DS16179 Hex TRI-STATE MOS driver. 


MOS to TTL Converters and Sense Amps 

DS7802, DS7806* Dual sense amp for MM5262 2k 
MOS RAM memory. 

DS165 Series* Hex sense amp MOS to TTL. 

DS163, DS75107, Dual sense amp for MM1103 Ik 
DS75207* MOS RAM memory. 

Voltage Regulators for MOS Systems 

LM109, LM140 Positive regulators. 

Series 

LM 120 Series Negative regulators. 

LM 125 Series* Dual +/— regulators. 

*To be announced 


8-26 



Applications 


NATIONAL 


DATA BUS AND DIFFERENTIAL LINE DRIVERS AND RECEIVERS 


INTRODUCTION 

Monolithic circuits designed specifically to trans- 
mit and receive digital data via buses and differen- 
tial cables have been available for two or three 
years. But important changes in transmission con- 
cepts and 1C designs have been made recently. 
This note will bring designers up to data on 
circuits developed at National Semiconductor. 
Table I and Figure 1 outline the devices to be 
discussed. 

In general, the new bus circuits offer these ad- 
vances: self-isolation of powered-down receivers; 


much lower input currents, permitting more driver/ 
receivers pairs per bus line; input hysteresis to raise 
noise immunity; higher speed with better control 
of bus levels; and eliminating of terminating 
pull-up resistors by the TRI-STATE® designs. 

The DS7820/DS8820 and DS7830/DS8830 were 
described in Application Note AN-22. This note 
adds to the previous discussion of termination 
techniques and reports on new tests of their long- 
lines drive capability and crosstalk immunity. 


LINE RECEIVERS 


TABLE I. Table of Devices Discussed 


DS7830/DS8830 


DS7831/DS8831 


DS1489/DS1489A 


DS7820A/DS8820A 


DS7831/DS8831 DS7820A/DS8820A 


DS7.832/DS8832 DS7820A/DS8820A 


DS7837/DS8837 
(hex) or DS7836/ 
DS8836 (quad) 


Communication to EIA 
standard RS 232C. 


Dual differential line driver 
and receiver. 


Dual differential line driver 
and receiver. 


Dual differential line driver 
and receiver. 


Quad single-ended line driver 
and hex receiver, or a quad 
2 input NOR receiver. 


±12V Twisted pair single ended. 

DS1489A+5.0V Unidirectional. 

+5.0V True differential. ±15V common 

mode rejection. Unidirectional. 

Use of internal receiver termina- 
tion recommended up to 100 feet. 

+5.0V True differential, bidirectional. 

Driver includes upper and lower 
level clamps to combat transients. 
Use of internal receiver termination 
optional. 

+5.0V As above, but without upper level 

clamping, so party line busses may 
be used, even with some peripherals 
powered down. 

+5.0V If used unidirectionally, receiver 

should be terminated. In party line 
applications disabled driver clamps 
line. Receiver input current is 15/iA 
typical, has l.OV hysteresis. 


TRANSCEIVER 
DEVICE NO. 


DS7838/DS8838 


DS7839/DS8839 


DS7833/DS8833 


DS7834/DS8834 


DS7835/DS8835 


Quad open collector transceiver. 


Quad TRI-STATE® transceiver. 
Four transmitters all disabled by 
control NOR gate. 


Quad TRI-STATE transceiver. 
One control disables all trans- 
mitters; one control disables all 
receiver outputs. 

Quad TRI-STATE transceiver. 
Controls same as DM7839 but 
driver and receiver are inverting. 

Quad TRI-STATE transceiver. 
Controls same as DM7833 but 
driver and receiver are inverting. 


Receiver has typical 15 mA input 
current 1.0V hysteresis. Driver will 
pull down double terminated 120fi 
line. 

Drivers have 10.4 mA forward drive 
at 2.4V, sink 32 mA at 0.4V. Receivers 
have 1.0V hysteresis, input current is 
15juA typical. Disabled driver clamps 
undershoots. A transceiver on the bus 
may be powered down without affect- 
ing bus logic levels. 
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DS7820/DS8820, DS7820A/DS8820A 


DS7830/DS8830 


RESPONSE 




NOTE: PIN 7 CONNECTED TO BOTTOM OF CAVITY PACKAGE. 


TOP VIEW 


TOP VIEW 


OS7831/DS8831, OS7832/DS8832 


Vcc 


'A" OUTPUT 
DISABLE 


DIFFERENTIAL/ 

OUTPUT INPUT OUTPUT INPUT SINGLE-ENOEO 
A2 A2 A1 A1. MODE CONTROL 



“8" OUTPUT 
DISABLE 


OUTPUT INPUT OUTPUT INPUT DIFFERENTIAL/ GNO 
B2 B2 B1 61 SINGLE-ENOEO 

MODE CONTROL 


TOP VIEW 


DS7833/DS8833 


DRIVER 



TOP VIEW 


DS7834/DS8834 

DRIVER 



TOP VIEW 


DS7835/DS8835 


DRIVER 

Vcc BUSd INd OUTd BUSc INc OUTc DISABLE 


nmm 

M 


warn 

iBB 

i 

n 


1 

■IS 


BUSa INa OUTa BUSb INb OUTb RECEIVER GND 
■ DISABLE 

TOP VIEW 


FIGURE 1. 
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Not much need be said about the El A RS232C 
designs. They meet or exceed a standard which is 
below today's attainable performance levels. 


UNIFIED BUS 

A typical unified bus is a flat, multiconductor 
cable interconnecting the CPU and peripherals of 
a minicomputer (Figure 2). The lines are single- 
ended (non-differential), ground-referenced, bi- 
directional, and terminated at each end in 120^2 
to 3.2V. The line level is high except when an 
open-collector driver pulls the line low. Drivers 
take turns transmitting, as controlled by "polling" 
or other control sequences. 

Single-ended communications are susceptible to 
common mode voltage induced by ground currents 
between chassis, in a computer room, the problem 
is usually minimized by linking the chassis with 
heavy-gauge grounding cables. Communications 
with remote points go through differential trans- 
mission links, or modems coupled to phone lines. 


The new unified bus designs in Table I have a 
receiver that Is self-isolating when power is down. 
The main bus is still usable If peripherals are 
turned off. 

Other Improvements include; very low input 
current, typically 15 mA whether Vcc is 5.0V or 
zero; input hysteresis of 1.0V, providing 1.8V 
noise Immunity; thresholds of 1.3V and 2.3V; and 
temperature compensation to keep thresholds and 
noise immunity constant. 

The DS7836/DS8836 is pin-compatible with the 
SP380 and adds the advantages of hystersis. The 
DS8640 Is an exact replacement for the SP380. 
Each receiver trio in the DS7837/DS8837 has an 
enable control, so the system can force receiver 
outputs to zero whether the bus Is pulled down or 
not. The four drivers In the DS7838/DS8838 
transceiver are disabled by a NOR gate control. 

Each open-collector driver in the transceiver sinks 
50 mA at 0.7V. It has the power to pull down 
the double-terminated bus and drive 20 of the 
low-durrent receivers. 


In early unified bus designs, open -col lector TTL 
buffers were used as drivers, and standard gates 
as receivers. However, the low threshold voltage of 
the receiving gate (it can be as low as 1.0V) is too 
close to ground potential, which can itself be 
carrying transients of almost a volt. In addition, 
the gate's input current can be as high as 1.6 mA, 
severely limiting the number of receivers which 
can be controlled by one driver. This is true 
particularly if the driver has an open collector out- 
put, and must also be sinking the current from a 
12012 termination at each end of the unified bus. 

That problem was solved by the SP380 gate. Its 
signal input is the base of an NPN emitter-follower, 
giving a higher threshold and lower input current. 
Unfortunately, the input transistor's collector-base 
junction becomes forward-biased when Vcc Qoes 
down. If a peripheral is shut off, the bus lines are 
clamped near ground unless the bus cable is 
disconnected manually. 


TR I -STATE BUS 

TRI-STATE logic (or TSL) outputs are active in 
both the "1" and "0" state. This greatly improves 
risetimes and allows many more driver/receiver 
pairs to be connected to a bus since power is not 
wasted in terminations. Switching delays can be 
halved during certain data exchanges. 

A disabled output switches into a third, high- 
impedance state. Only small leakage currents flow 
In the output in this state, virtually disconnecting 
the output from the bus. TSL outputs do not 
"wire-0 R" — the bus is operated by one set of 
outputs at a time. 

Figure 3 is a TSL bus line. Although there are no 
terminations, reflections are less of a problem than 
in a unified bus. The bus Is tightly controlled 
without terminations because the disabled drivers 
actually clamp undershoots. 
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FIGURE 3. TRI-STATE Bus 
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Tests indicate the transceivers can drive bus lines 
longer than 25 feet. They are guaranteed to source 
10.4 mA at the minimum "one'' level of 2.4V. 
Smalhsignal source impedance is typically 500 
to 5.0V compared with 1200 to 3.2V on the 
unified bus. That explains TSL's higher speed — 
the active-pull-up output charges the line capaci- 
tance much faster. If even greater source current 
capability is needed, the DS7831/DS8831 and 
DS7832/DS8832 are available. As quad single- 
ended drivers they can source and sink at least 
40 mA (and have a source Impedance of only 
110). They can drive lines with characteristic 
impedance down to 400. 

When a peripheral equipped with a transceiver is 
powered down or disabled, no current (apart from 
microamps of leakage) will flow in the input/ 
output while the data levels move between ground 
and +5.0V. Other peripherals can still use the bus 
without their signals being shunted or degraded. 
The receivers are isolated like the unified bus 
designs. (The DS7832/DS8832 has the same 


degree of freedom. However, the DS7831/DS8831 
has an output diode to Vcc to control transients 
wheh used in its differential mode. It will clamp 
the bus lines when powered-down, so it is not 
recommended for use In a peripheral which might 
be switched off in isolation from the rest of the 
system). 


In the TSL transceiver family, typical receiver 
input characteristics are 17jLiA current, 400 mV 
hysteresis, and 1.4V noise immunity. All types 
are completely compatible with standard TTL. 


Figure 4 shows a line with a stub (actually a 
branch of equal length, to ease analysis). It is 
terminated in the line's characteristic impedance 
at ail three ends. 



Figure 5 shows an identical hook-up, this time 
"terminated" only by a disabled TR I -STATE gate 
at the receiving end and the stub end. 
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The result of driving the circuit of Figure 4 is 
seen In Figure 6. The current pulled from the line 
by the driver (top trace) was determined by the 
effective impedance of the termination in parallel 
with the 12012 line charged to 3.2V. When this 
wavefront reached the fork, half the current was 
drawn from each leg. So when the half-current 
front arrives at the stub only half the voltage 
pull-down results (Figure 6 lower trace). 

A series of these timed halvings and quarterings 
produces the bathtub effect shown. The duty 
cycle distortion experienced by a receiver at the 
stub termination Is obvious. If we take off the 
stub termination network, the situation gets no 
better. Figure 7 shows it (time base and sensitivity 
unchanged). The undershoot in the lower trace is 
followed by an overshoot which reaches 1 .OV above 
ground: and the stub continues to ring (which 
isn't surprising since its two ends have terminations 


In 6012 and infinity respectively). A receiver at 
the end of the stub would have to be ignored 
until the ringing had decayed, and its output 
had become valid. 

Contrast this with Figure 8, demonstrating the 
results of the TR I -STATE driver of Figure 5. The 
same rapid falling edge at the receiving end is 
brought to a halt very sharply, and instead of 
reflective overshoots, there Is a shallow series of 
level adjustments which never cross the maximum 
zero level of 0.4V above ground. 

How is this achieved? 

Figure 9 shows the schematic of the output stage 
of a TRI-STATE transceiver. Now if the output is 
disabled, point A Is held by the TRI-STATE con- 
trol at VcEsat + Vbe, or 1.0V at 25°C. 



FIGURE 6. Open Collector Bus With Two Terminated FIGURE 7. Open Collector Bus at an Unterminated Stub 

Stubs 2.0V/div 20 ns/div 



HORIZONTAL: 20 ns/DIV 
VERTICAL: EXPANOED TO 1V/DIV 


FIGURE 8. TRI-STATE® Bus at a Stub — Demonstration 
of the TSL Non-Linear Termination 
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FIGURE 9. DC Levels in a Disabled TRI-STATE Element 


Soto turn on the Darlington pull-up stage will take 
an undershoot below ground on the bus line of 
2 Vbe lower than point A. Or at 25°C, 1.0- 1.6, 
= -0.6V. Allowing for a chip temperature some- 
what above ambient, the output wilj begin to 
clamp at -0.4V. Figure 10 shows a typical result of 


-VoUT 



FIGURE 10. Current Available as a Function of Bus 
Voltage at a Disabled TR I -STATE Output 


a test of pulling current out of a disabled TRI- 
STATE output. 

0. A. Horna* has pointed out the effectiveness 
of a non-linear termination in emitter-coupled 


logic transmission lines. The ability of the disabled 
TSL output to turn on very hard in a precisely 
similar way in an otherwise uncontrollable situation 
has been conclusively demonstrated. 

A further advantage for an unterminated line 
appears under certain special conditions of archi- 
tecture. Figures 11 and 12 compare two test 
circuits, simulating two peripherals one on each 


25’ 



FIGURE 11. Central Controller in an Open Collector 
Environment 


*0. A. Horna — "Non-Linear Termination of Transmission Lines" IEEE Transactions on Computers, 
Sept. 1972, pp. 1011-1-15. 
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side of a CPU, linked by, in the first case an 
open collector terminated bus; in the second case 
a TRI-STATE bus. 



FIGURE 12. Central Controller In a TRI-STATE 
Environment 


In both cases, the bus drivers are holding the bus 
in one state, and not switching data during the 
experiment. 

Looking at Figure 13, in the open collector case, 
relinquishment by one driver and immediate taking 
up by the other at the low state still leaves the 
termination to pull the bus high for two line 


delays. And the receiver, waiting for data from 
the far end, must obviously be ignored until a 
safe amount of time after the glitch seen in Figure 
13 trace 3 has died down. Contrast this with the 
TRI-STATE case shown in Figure 14. The relin- 
quished bus, seeing only extremely low leakage 
current, does not move. It may be safely assumed 
that very shortly after the changeover, a change on 
the line will be a signal being propagated on the 
bus. 


TRUE DIFFERENTIAL TRANSMISISON 

Often, a zero ground reference can't be established 
between remote subsystems. One can overwhelm 
the ground difference with a high-amplitude, single- 
ended transmission. But a differential transmission 
not referenced to ground is more efficient (Figure 
15). The data is complemented at normal logic 
levels, transmitted over a twisted-pair cable, and 
received with a comparator sensitive enough to over- 
come signal degradations, yet rejecting common 
mode voltages. 



FIGURE 13. Open Collector Bus Signals With Central 
Controller 



FIGURE 14. TRI-STATE Bus Signals With Central 
Controller 
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FIGURE 16. DS7830 Schematic 


The DS7820 and DS7830 designs were explained 
in AN-22. Rather than repeat the information in 
that note, the following sections will answer 
questions frequently asked by users. 

First, how does the new DS7820A differ from the 
DS7820? They both have the same schematic. 
One of the two receivers on the chip is shown in 
Figure 18. However, the "A" version's fanout is 
10 TTL or DTL loads rather than 2, the strobe 
input is specified fully and Is guaranteed to be 
driven by saturated logic, and the speeds are 
guaranteed. 

Second, what establishes the driver current require- 
ment? The receiver's non-inverting Input is at the 
center of a voltage divider between Vcc and 
ground. This sets the voltage into the terminal at 
1/2 Vcc» O'" 2.5V in a 5.0V system. The small- 
signal Input impedance is the parallel combination 
of the two 5.0 kfi +16712 paths, or about 2.5 kl2. 
When the input swings from high to ground, the 
current transient is about 1.0 mA. A similar 
analysis shows the driver must source about 1/2 mA 
to bring the inverting input up to 2.4V. 


We implemented the differential concept several 
years ago with the DS7830/DS8830 driver and 
DS7820/DS8820 receiver. More recently, the 
two TRI-STATE drivers have been used in such 
applications. DS7831 output characteristics in the 
differential driving mode are shown in Figure 17. 



OUTPUT CURRENT (mA) 


FIGURE 17. Differential Output Voltage as a Function of 
Differential Output Current in the DS7831 
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RESPONSETIME 



FIGURE 18. DS7820 Schematic 



The DS7830 and DS7831 output curves are 
similar. Either can . drive up to 12 DS7820 
receivers strung along a cable, as In Figure 19, and 
have ample overdrive at the last receiver. 

TERMINATING THE DIFFERENTIAL LINE 

There are three modes of operation of the differ- 
ential line, each of which demands a different 
answer to the commonly asked question of how 
to terminate the line. AN-22 only went Into one 
case, namely, terminating a short line where data 
period exceeds two line lengths. The second case 
covers those lines where the period is less than 
two line lengths, and the third the case where the 
line is long. 

Why Is tvyo line delay times significant? It's a 
question of power dissipation only. When the line 


Is short, so that effectively no voltage is lost in 
the copper of the cable, running without a termina- 
tion, where the differential capability of the driver 
exceeds 3.5V will produce reflections of 7.0V 
magnitude in the line. 

This situation is best avoided, so a termination in 
the characteristic impedance of the line is advisable. 
When data rates are slow, this means that the 
driver, if the termination is dc, will continue 
to dissipate the power plotted on the load line of 
Figure 17, quite unnecessarily. If instead a capaci- 
tor is included in series with the dc termination, 
at the leading edge the termination appears dc, 
so Radio Frequency Interference (RFI) doesn't 
get generated. But as the capacitor charges, the 
voltage on the higher line rises, and the current in 
the driver drops, until at one Vbe below V^c, 
line power ceases to be dissipated. 
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So long as the rise is controlled, RFI won't be a 
problem. And the rule of thumb of RiC = 3 
line lengths works very well. Where the driver is 
running so fast as never to be waiting for the 
reflection, it will be continuously dissipating the 
power indicated by the load line continuously. 

As the line gets longer, the loop resistance gets 
up to the same order as the terminating resistor. 
That translates Into an attenuation of the differ- 
ential drive voltage at the receiver. Once the lead- 
ing edge of the received voltage gets below 2.5V, 
the reflection ceases to have RFI significance, and 
a progressively worse mismatch is acceptable as 
the line gets longer, since the higher the termina- 
tion resistor value, the more signal is available. 
For a typical cable, 1000 feet marks the point 
where any termination serves only to weaken the 
signal and narrow the channel bandwidth. 

The bandwidth of the DS7820 receiver may be 
reduced by use of a shunt capacitor. The response 
curve is shown in Figure 20. 


MAXIMUM LINE LENGTHS 

The tests in Table II were made with a DS7820 
and DS7830 to settle questions about maximum 
line lengths and frequencies. Characteristics of the 
test cable were: 24 AWG gauge; 11012 impedance; 
5.612/100 ft loop resistance; and 14 pF/ft capaci- 
tance. 

Receiver inputs were complementary pulses with 
25/75% duty cycles. These simulate a string of 
alternating ones and zeros in an RZ (return to 
zero) format. The first results column indicates 
safe maximum data rates. The second column 
shows the rates at which attenuation reached a 
point where the signal could not switch the line 
receiver. These are typical, not maximum or safe 
rates. 

Figure 21 illustrates the weaker signals which 
will switch the receiver. There is obviously no 
noise margin. For maximum performance, a single 
twisted-pair line should meet all three of these 
criteria: 


£ 

S 

3 



10 100 1000 10,000 


Cresponse time control (pf ) 


FIGURE 20. Noise Rejection in the DS7820A 


1. High characteristic impedance (to maximize 
initial voltage step and voltage across the termin- 
ation at the receiver) 

2. Low capacitance (minimizes the "line charging" 
effect, which attenuates the signal's high- 
frequency components and makes dc loss worse 
by degrading the response to fast transients) 

3. Low resistance to dc (use heavier-gauge cable 
for long runs driven at high frequency) 


TABLE 11. DS7830/DS7820A 24 Gauge 11 OH 


Line Length 

Point of Duty 
Cycle Distortion 

Point of Failure 
To Invert 

25' 

10 MHz 

25 MHz 

200' 

5.0 MHz 

12 MHz 

1000' 

1.25 MHz 

3.2 MHz 

5000' 

0.125 MHz 

0.275 MHz 


u — i_r 

_n n_ - INPUT 

25:75 


X 



FIGURE 21. Differential Drive Long Distance 
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CROSSTALK IMMUNITY 

One more question concerns crosstalk in multi- 
pair cables. The tests reported in Table III indicate 
that the individual pairs rarely, if ever, need 
individual shielding. One shield over all the pairs 
in the sheath should be adequate. 


TABLE ill. 


NOISE THRESHOLD AT POINT A 


(VOLTS) 

FREQUENCY 

LOWER 

UPPER 


1.22 

1.26 

500 kHz 

1.22 

1.27 

100 kHz 

1.24 

1 .30 

10 kHz 

1.24 

1.30 

1.0 kHz 


Two side-by-side runs of twisted pairs in the 
cable were selected to provide two 800-foot 
lengths adjacent to each other in the bundle for 
their whole length. A DS7830 driver and a 
DS7820 receiver were connected to each pair. One 
driver's input was a pulse train and the other 
driver's input was a dc voltage. Tests were made 
to determine the susceptibility of the receiver on 
the dc line to signals cross-coupled into it from 
the pulsed line. 

This driver/cable/receiver combination is suscepti- 
ble in a transition region about 60 mV wide 
between the "1" and "0" states, indicated by the 
tabulated thresholds for the dc line. Signals from 
the ac side coupled-in sufficiently to trip the 
dc pair's receiver. 


However, in a real system both driver outputs 
will swing through this region rapidly. The mini- 
mum swing is 2.0V. Therefore, the sensitive region 
is 60 mV/2,000 mV, or 3% of the swing and of 
the logic switching time. The minimum risetime 
of a non-damped DS7820 receiver output Is 50 ns. 
Assuming this is the result of a straight voltage/ 
time ramp input, the receiver is susceptible to 
crosstalk only if it is being driven with transition 
times greater than 50 ns/3%, or 1.6 ms. 

In fact, the longest driver risetimes observed 
when the DS7830 was driving the longest cable 
in the previous test (Table II) were always less 
than 10 ns. We can conclude that a twisted pair 
with the driver and receiver is immune to cross- 
talk from another DS7830— DS7820 combination 
operating with any adjacent twisted pair. 

EIA STANDARD CIRCUITS 

The drivers and receivers listed as EIA RS232C 
circuits in Table I meet the specifications of that 
standard. It might be noted, however, that the 
standard's provisions antedate the availability of 
integrated circuits for such communications. Thus, 
it tends to restrict further development. 

Compare the results in Table II, for example, 
with paragraph 1.3 of the standard. The standard 
indicates 20 kilobits/second Is a nominal data 
transfer rate. And paragraph 1.4 requires single- 
ended, ground-referenced links even though true 
differential communications are demonstratedly 
more efficient in data exchanges between chassis. 


+5.0V 
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Applications 


NATIONAL 


DRIVING 7-SEGMENT GAS DISCHARGE DISPLAY 
TUBES WITH NATIONAL SEMICONDUCTOR CIRCUITS 


INTRODUCTION 

Circuitry for driving high voltage cold cathode 
gas discharge 7-segment displays, such as Sperry 
Information Displays* and Burroughs Panaplex II, 
is greatly simplified by a complete new line 
of monolithic integrated circuits from National 
Semiconductor. The new products also make 
possible reduced cost of system implementation. 
They are: DS8880 high voltage cathode decoder/ 
driver; DS8884A high voltage cathode decoder/ 
driver; DS8885 MOS to high voltage cathode 
buffer; DS8889 low power cathode driver; and 
DS8887 8-digit anode driver. 

In addition to satisfying all the displays' parameter 
requirements, including high output breakdown 
voltage, the new circuits have capability of pro- 
gramming segment current, and providing constant 
current sinking for the display segments. This 
feature alleviates the problem of achieving uni- 
formity of brightness with unregulated display 
anode voltage. The National circuits can drive the 
displays directly. 

Sperry Information Displays* and Burroughs Pan- 
aplex II are used principally in calculators and 
digital instruments. These 7-segment, multi-digit 
displays form characters by passing controlled 
currents through the appropriate anode/segment 
combinations. The cathode in any digit will glow 
when a voltage greater than the ionization voltage 
is applied between it (the cathode) and the anode 
for that digit. In the multiplexed mode of opera- 
tion, a digit position is selected by driving the 
anode for that digit with a positive voltage pulse. 
At the same time, the selected cathode segments 
are driven with a negative current pulse. This 
causes the potential between the anode and the 
selected cathodes to exceed the ionization level, 
causing a visible glow discharge. 

Generally, these displays exhibit the following 
characteristics; low "on" current per segment— 
from 20QfjiA (in DC mode) to 1.2 mA (in multiplex 
mode); high tube anode supply voltage— 180V to 
200V; and moderate ionization voltage— 170V. 
Once the element fires, operating voltage drops 
to approximately 150V and light output becomes 
a direct function of current, which is controlled 
by current limiting or current regulating cathode 
circuits. Current regulation therefore is most 
desirable since brightness will then be constant 
for large anode voltage changes. Tube anode to 
cathode "off" voltage is approximately 100V; 
and maximum "off" cathode leakage is 3juA to 
5juA. 

*Now called Beckman Displays 


Correspondingly, specifications for the cathode 
driver must be complimentary, approximately as 
follows: A high "off" output breakdown voltage 
80V minimum; typical "on" output voltage of 
50V; maximum "on" output current of 1.5 mA 
per segment; and maximum "off" leakage current 
of 3juA to 5/iA. 

To allow operation without anode voltage regu- 
lation, the cathode driver must be able to sink a 
constant current in each output, with the output 


(a) Cathode Driver Output Characteristic 



0 30 60 90 120 


(b) On Currents vs Temperature 



10 20 30 40 50 60 70 


"on" voltage ranging from 5V to 50V (see Figure 
1). The following is a brief description of the 
circuits now offered by National: 

DS8880 High Voltage Cathode 
Decoder/Driver 

The DS8880 offers 7-segment outputs with high 
output breakdown voltage of 80V minimum; 
constant current-sink outputs; and programmable 
output current from 0.2 mA to 1.5 mA. 
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Application 

The circuit has a built-in BCD decoder and can 
interface directly to Sperry and Panaplex II 
displays, minimizing external components (Figure 
2). The inputs can be driven by TTL or MOS 
outputs directly. It is optimized for use in systems 
with 5V supplies. 


DISPLAY 


DECOOER/DRIVER 


MEMORY 


COUNTER 



FIGURE 2. DC Operation From TTL 


The DS8880 decoder/driver provides for uncondi- 
tional as well as leading and trailing zero blanking. 
It utilizes negative input voltage clamp diodes. 
Typically, output current varies only 1% for 
output voltage changes of 3V to BOV. Operating 


power supply voltage is 5V. The device can be 
used for multiplexed or DC operation. 

Available In 16-pin cavity DIP packages, the 
DS7880 is guaranteed over the full military 
operating temperature range of -55°C to +1 25°C; 
the DS8880 in molded DIP over the industrial 
range of 0°C to -^70°C. 

DS8884A High Voltage Cathode Decoder/Driver 

The DS8884A offers 9-segment outputs with high 
output breakdown voltage of 80V minimum; 
constant current-sink outputs, programmable from 
0.2 mA to 1.2 mA. It also offers input negative 
and positive voltage clamp diodes for DC restoring, 
and low input load current of -0.25 mA maximum. 

Application 

DS8884A decodes four lines of BCD input and 
drives 7-segment digits of gas-filled displays. There 
are two separate inputs and two additional outputs 
for direct control of decimal point and comma 
cathodes. The inputs can be DC coupled to TTL 
(Figure 3) or MOS outputs (Figure 4), or AC- 
coupled to TTL or MOS outputs (Figure 5) using 
only a capacitor. This means the device is useful 
in applications where level shifting is required. It 
can be used in multiplexed operation, and is 
available in an 18-pin molded DIP package. 

Other advantages of the DS8884A are: typical 
output current variation of 1% for output voltage 
changes of 3V to BOV; and operating power supply 


+5V t200V 



FIGURE 3. Interfacing Directly With TTL Output 


+5V 



FIGURE 4. BCD Data Interfacing Directly With MOS Output 
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-30V 


FIGURE 5. Cathode BCD Data AC Coupled 
From MOS Output 

voltage of 5V. Inputs have pull-up resistors to 
increase noise immunity in AC coupled applications. 

The DS8884A is guaranteed over the 0°C to 
+70°C operating temperature range. 

DS8885 MOS to High Voltage Cathode Buffer 

The DS8885 features seven constant current-sink 
outputs; programmable output current of 0.2 mA 
to 1.5 mA; high output breakdown voltage of 80V 
minimum; and capability for blanking through 
program current input. It operates from a -^5V 
supply. 

Application 

DS8885 is best suited for interfacing 7-segment 
fully decoded MOS chips to digit displays. It is 
also useful for driving polarity, overrange, and 
decimal point segments. 

DS8885 has 6 inputs and 7 outputs. Output c is 
decoded internally; the other 6 outputs are directly 
controlled by the 6 corresponding inputs. A typical 
application of this device is interfacing between an 
MOS calculator chip with 7-segment decoded 
outputs (open-drain or push-pull) and Sperry/ 
Panaplex II displays (Figure 6). 


When the DS8885 is used to drive minus and 
plus (polarity) cathodes, overrange, and decimal 
points, output c should be tied to Vcc so it does 
not saturate (Figure 7). This leaves 6 inputs and 
6 outputs related one-to-one. The inputs can be 
driven directly from TTL or MOS outputs. 

tsv 



' IFOR MOS) 

*0utput may be paralleled for cathodes requiring more current, providing the 
corresponding inputs are also paralleled. 

FIGURE 7. Polarity, Overrange, Decimal Point Driving 

The DS8885 is available in 16-pin molded DIP 
package, and is guaranteed over the operating 
temperature range of 0°C to +70°C. 

DS8889 Low Power Cathode Driver 

The DS8889 requires no power supply since 
power is derived from program current. It offers 
extremely low standby power— only 1 mW inter- 
nally. Features include programmable output cur- 
rents 0.3 mA to 1.7 mA; 8 constant current-sink 
outputs; and input negative voltage clamp diodes 
for DC restoring. Outputs have 80V minimum 
breakdown voltage. 

The device is suitable for multiplexed operation 
from fully decoded chips and is capable of driving 
decimal point segments simultaneously with nu- 
meric segments. 

Application 

The DS8889 has 8 inputs and 8 outputs, and 
interfaces directly between 7-segment decoded 
MOS outputs and numeric display tubes (Figures 
8 and 9). It is optimized for use in systems with a 
limited number of power supplies. 


+180V 



FIGURE 6. Fully Decoded MOS Cathode Outputs 
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The program input is characterized in terms of 
input current, therefore any supply (greater than 
5V) can provide proper operation by connecting a 
single resistor to the program pin from the supply. 

The DS8889, guaranteed for the 0°C to +70°C 
operating temperature range, is offered in the 18- 
pin molded DIP. 

DS8887 8-Digit Anode Driver 

The DS8887 interfaces directly to MOS chips 
and operates from a -40V to -80V power supply. 


The DS8887 can operate virtually any multiplex 
display system requiring more output performance 
from the MOS chip than is available (Figures 4, 6, 
8 and 9). It has low input current and voltage 
swing requirements but can drive up to 16 mA, 
and exhibits -55V minimum output breakdown 
voltage. 

The DS8887 is available in the 18-pin molded 
DIP package; and is guaranteed over the operating 
temperature range of 0°C to +70°C. 



FIGURE 8. Decoded Cathode Data AC Coupled From MOS Output 



+100V 


FIGURE 9. Decoded Cathode Data Direct Coupled From MOS Output 
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Applications 


NATIONAL 


DRIVING 7-SEGMENT LED DISPLAYS WITH 
NATIONAL SEMICONDUCTOR CIRCUITS 


INTRODUCTION 

There are many different information display 
technologies available today, including liquid 
crystals, gas-discharge tubes, fluorescent tubes, 
incandescent lamps, and light emitting diodes 
(LEDs). Each technology has its own particular 
drive requirement. This note will focus on 7- 
segment LED display drive requirements and 
demonstrate that National Semiconductor has 
a full line of display drivers that meet the 
requirements for most any 7-segment LED drive 
application. 


WHY ARE LED DRIVERS NEEDED? 

The purpose of 7-segment LED drivers is to act 
as an interface element between data input and 
the display. This interface is necessary when either 
the input data format or circuitry current capabil- 
ities do not allow direct connection between input 
and display. To satisfy these needs. National's 
7-segment LED drivers are divided into two basic 
categories. 

1. Internally decoded (BCD to 7-segment) 
DS5446A/DS7446A 
DS5447A/DS7447A 
DS5448/DS7448 
DS7856/DS8856 
DS8857 

DS7858/DS8858 


2. Non-decoding, direct drive (MOS to LED) 


DS75491 

DS75492 

DS8861 

DS8863 


DS8864 

DS8865 

DS8866 


Thus, National has circuits that will drive 7-segment 
LEDs from either fully decoded circuits or from 
non-decoded outputs. 


CONFIGURATIONS AND CONSTRUCTION OF 
7-SEGMENT LEDs 


LEDs are segregated into two groupings with 
regard to construction, see Figure 1. 

Common anode displays are constructed on a 
common substrate which forms the anode of the 
diodes, while each of the seven cathodes are 
bonded out to separate pins. The second type, 
common cathode, has the cathode fabricated on 
a common substrate with the anodes bonded out 
to Individual pins. Due to these radically different 
configurations, drive circuits are usually tailored 
in their design for one or the other type. Tailoring 
in this respect means either sinking current (active 
low) or sourcing current (active high) when ref- 
erenced to segment drive. In addition, drive 
requirements are quite variable because of LED 
light intensity requirements as well as digit size 



COMMON ANOOE 
(OIGIT ENABLE) 

SOURCE OIGIT ^ O 

CURRENT ^ I 


FIGURE 1. 7-Segment LED Construction 
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COMMON SEGMENT 
LINES 



FIGURE 2. Multi-Digit 7-Segment LED 



FIGURE 3. A Typical Multiplexing Scheme 


and efficiency. Thus the system designer needs a 
degree of latitude not only with respect to the 
type of dlsplay^ used but also the drive current 
available. 

7-segment LEDs can be purchased in either single 
or multi-digit display packages. Single digit displays 
have individual segment and common pins while 
multi-digits have paralleled segment pins and 
separate digit pins equal to the number of digits 
in the package, see Figure 2. 

Multi-digit displays, due to their configuration, 
must be driven in a multiplex mode of drive, where 
segntent drivers are time shared by all the digits. 
This Is contrasted to the single digit displays which 


may be driven in either the multiplex or the non- 
multiplex (direct drive) mode. The nonmultiplex 
mode uses separate segment drivers for each digit 
of the display. Multiplex operation has a decided 
cost saving advantage over nonmultiplex operation 
especially when the number of digits being driven 
is large. 

MODES OF 7-SEGMENT LED DRIVE 

In the multiplex mode of drive the LED digits 
in a multi-digit format are driven by a single set 
of segment drivers while each digit is selected by 
its own digit driver. Figure 3 shows the circuitry 
needed to implement a typical six digit multiplexed 
display. 
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Each digit is selected individually by enabling its 
digit driver whose control is determined by a 
counter or equivalent circuitry operating at some 
clock frequency. Strobed data, by way of the 
counter and multiplex circuitry, Is then displayed 
on the selected digit by the single set of segment 
drivers. If the strobe rate is high enough, from 
about 250 to 1,000 Hz depending on external 
conditions, the display will appear flicker free to 
the human eye. The BCD-to-7-segment decoder 
converts BCD data to the desired 7-segment output 
format. 

In the multiplex mode each digit has a reduced 
duty cycle and is operated at somewhat higher 
than average or typical dc operating current levels. 
The amount of current will be a function of the 
number of digits, duty cycle, and the type 
and efficiency of the display used. Since currents 
are higher than average so also will be the LED 
brightness due to the nearly linear brightness 
versus current curve for most LEDs. The human 
eye will detect the brightness peaks and through a 
partially Integrating and peak detecting action will 
perceive a higher display brightness at some average 
current level In the multiplex mode than the same 
average current In the nonmultiplex (direct drive) 
mode. The result is that a multiplexed display will 
operate at a lower total power than the same 
display operated In the nonmultiplex mode with 
the same apparent brightness. 

In the nonmultiplex mode of 7-segment LED drive 
each digit has its own set of segment drivers 
thereby dropping the digit driver select require- 
ment of multiplexed operation. In this case, the 
common digit pin may be tied to the highest 
potential if common anode or the lowest If 
common cathode. It Is evident that In a non- 
multlplexed display the driver package count 
would be high since each digit requires its own 
set of segment and possibly decoder drivers. 
If a large number of digits are used the segment 
driver package count would equal the number of 
digits while In the multiplex mode this count 
is equal to one. Granted, in the multiplex mode 
additional control circuitry is required. Considera- 
tion of the relative cost of this circuitry in 
comparison to the segment decoder driver circuitry 
in the nonmultiplex mode results, in general, in 
the fact that if the number of digits in the display 
equals or is more than four, total package count 
and/or cost is less in the multiplex mode of drive. 

In most MOS circuits multiplex operation Is ideal 
since the counter, multiplexer, and BCD to 7- 
segment decoders or equivalent circuitry can 
usually be Incorporated on the same chip along 
with calculator, clock or other function. In this 
case the only external interface components 
required would be the digit and segment drivers 
since MOS circuits are generally unable to sink 
or source the higher current required for most 
multiplex operations. 


In summary, LED driver requirements for multi- 
plex or nonmultiplex drive operation require 
either segment, digit or BCD to 7-segment drivers. 
Analysis of the particular system needs with 
regard to the number of digits and relative circuit 
costs should be the determining factor for multi- 
plex or nonmultiplex operation. Circuit require- 
ments for multiplex operation will In general 
require relatively high current capabilities. 


NATIONAL'S 7-SEGIVIENT LED DRIVERS 

Table I lists the 7-segment LED drivers available 
from National. Each circuits application Is divided 
into groupings with respect to common anode or 
cathode, digit or segment, multiplex or nonmulti- 
plex areas. Additionally, current capabilities are 
also specified for each product. 

From the table it is evident that some of the 
circuits may be used in dual roles — both multiplex 
or nonmultiplex; common cathode or anode. In 
general, what will determine whether one drivers 
application is multiplex or nonmultiplex Is that 
drivers current capability. The direction of current 
flow through the driver (source or sink) is the 
determining factor in dual application with regard 
to common anode or cathode. 

Table II lists the operating temperature range and 
package types for the 7-segment LED drivers. 

In the following sections each circuit Is described 
in greater detail and typical applications are 
given. 

BCD TO 7-SEGMENT DECODER DRIVERS 

DM5446A/DM7446A, DM5447 A/DM7447A, 
DM5448/DM7448 

This family of BCD to 7-segment decoder drivers 
was designed for the most general possible dis- 
play drive applications including display techno- 
logies other than LEDs. The difference between 
the circuits is in their output stage configurations. 
These differences will be discussed separately later. 


The circuits convert the standard 4-bit BCD input 
to the popular 7-segment output format. All 
input BCD codes above 9 are decoded into unique 
patterns that verify operation. The circuits are 
TTL-DTL compatible and operate off of a single 
5.0V supply. 


Added features included in all circuits are a ripple 
blanking input pin as well as a lamp test pin for 
display turn on. In addition the blanking input/ 
ripple blanking output pin may be used to modu- 
late display intensity. 
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TABLE 1. National 7-Segment LED Drivers 










Refer to LED Driver Guide 

in Front of Catalog 





DEVICE 

COMMON CATHODE 


COMMON ANODE 

DIGIT 

SEGMENT 

INTERNAL 

CURRENT CAPABILITY 

NUMBER 

Multiplex Nonmultiplex 

Multiplex Nonmultiplex 

DRIVER 

DRIVER 

DECODING 

AND FEATURES 

DM5446A/DM7446A 




X 

X 




X 


X 

Up to 40 mA Sink, Open Collector 

DM5447A/DM7447A 












High Breakdown (30/1 5V) 
TTL Input Compatibility 

DM5448/DM7448 


X 


X* 

X* 




X 


X 

1.3 mA Source, Adjustable 













Externally, TTL Input 
Compatibility 


DS7856/DS8856 


X 


X' 

X* 




X 


X 

6.0 mA Typical Source, TTL 













Input Compatibility 


DS8857 


X X 







X 


X 

50 mA Typical Source, Exter- 
nally Adjustable, TTL Input 













Compatibility 


DS7858/DS8858 


X - X 







X 


X 

Adjustable Source Current 0 to 













50 mA, TTL Input 
Compatibility 


DS75491 


X X 


X 

X 


X 


X 



50 mA Source/Sink, 4 Drivers 
per Package, MOS Input Com- 













patibility 


DS75492 


X 


. X 

X 


X 


X** 



250 mA Sink, 6 Drivers per 
Package, MOS Input Compatibility 

DS8861 


X X 


X 

X 


X 


X 



50 mA Source/Sink, 5 Drivers per 
Package, MOS Input Compatibility 

DS8863 


X 


X 

X 


X 


X*" 



500 mA Sink, 8 Drivers per Package, 
MOS Input Compatibility 

DS8864 


X 


X 

X 


X 


X«. 



50-mA Sink, 9 Drivers per Package, 
MOS Input Compatibility 

DS8865 


X 


X 

X- 


X 


X** 



50 mA Sink, 8 Drivers per Package, 
MOS Input Compatibility 

DS8866 


X 


X 

X 


X 


X** 



50 mA Sink, 7 Drivers per Package, 
MOS Input Compatibility 

*With the use of an < 

external transistor/segment. 












**For common anode LED's. 















TAEfLE II. Operating Temperature Range and Package Type 




DEVICE 


OPERATING 
TEMPERATURE RANGE 

NUMBER OF PINS 

PACKAGE TYPE 

NUMBER 


0°Cto +70° C 


-55°Cto +125°C 

— 
. 14 

16 



18 

Plastic Molded 
DIP(N) 

Ceramic 
DIP (J) 

Flat PacTi 
(W) 

DM5446A, DM5447A 



X 



X 






X 

X 

DM7446A, DM7447A 

X 





X 




X 


X 

X 

DM5448 




X 



X 






X 

X 

DM7448 


X 





- X 




X 


X 

X 

DS7856 




X 



X 






X 

X 

DS8856 


X 





X 




X 


X 

X 

DS8857 


X 





X 






X 


DS7858 




X 



X 






X 

X 

DS8858 


X 





^x 




X 


X 

X 

DS75491 


X 



X 






X 


X 

X 

DS75492 


X 



X 






X 


X 

X 

DS8861 


X 







X 


X 




DS8.863 


X 







X 


X 




DS8865 


X 







X 


X 




DS8866 


X 







X 


X 




DS8864 


X 



22 

X 
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Vcc Vcc 




FIGURE 4a. Output Stage 


FIGURE 4b. Output Stage 



BCD 

INPUTS 


The following equation may be used to determine the appropriate value of Rx 
(segment current limit resistor) for some LEO current/segment 1$ (mA). 


Vcc - 0.3 - Vled (@ Is) . _ 
nx ;; 

k 

(Is < 40 mA) 

where V^ed (@ Is) the diode (LEO) voltage drop at operating current Is. 
Example; 


Is = 20 mA 
Vled (@ Is) = 3.4V* 


Vcc = 5.0V 
Rx = Bsn 
*MAN-1 or equivalent 


FIGURE 5. Nonmultiplex Application of the DM7447A 


DM5446A/DM7446A, DM5447 A/DM7447A 

These circuits feature active-low, open collector 
high current outputs (Figure 4a). Each output is 
capable of sinking up to 40 mA at a maximum 
internal drop of 0.4V. This high current capability 
makes these circuits particularly well suited for 
driving the large NSN7 1 or equivalent type displays 
directly. The circuits are also applicable, with or 
without the use of external current limit resistors, 
to driving lower current displays in the multiplex 
mode of drive. 

The DM5446A and DM7446A outputs are capable 
of withstanding 30V at a maximum leakage of 
250juA over temperature. The DM5447A and 
DM7447A have a 15V output capability at a 
maximum leakage over temperature of 250juA. 
This standoff voltage ability makes the circuits 
applicable for direct drive to indicator lamp type 
displays. Figure 5 shows a typical application of 
the circuits with LEDs. 


Refer to Table II for the operating temperature 
range and package types for the DM5446A/ 
DM7446A and DM5447 A/DM7447 A. 

DM5448/DM7448 

The DM5448/DM7448 has active high passive 
pull-up outputs (Figure 4b) with a TTL fanout of 
4. The typical output source current Is 2.0 mA at 
an output voltage of 0.85V. Each output Is 
capable of sinking 6.4 mA with a maximum 
internal drop of 0.4V. Since the output current 
level is low the circuit can be used to drive low 
current common cathode displays operating in the 
nonmultiplex mode. 

The major application of the DM5448/DM7448 
is to drive logic circuits, operate high-voltage 
loads such as electroluminescent displays through 
buffer transistors or SCR switches, or high-current 
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Rx may be calculated using the following equation 


n 3J .. VLjo-1.JVtS.0mA 

ls-t.6 ‘"-irro 1 b, 2 650!J 


Rx = PULL-UP RESISTOR VALUE 
Is = CURRENT PER SEGMENT IN mA 

Example; 

Is = 5.0 mA 
Rx = 970n 


FIGURE 6. Nonmultipiex Application of the DM7448 


loads through buffer transistors. Figure 6 shows 
the DM7448 in a low current direct drive LED 
application. 

The operating temperature range and package 
types for the DM5448/DM7448 are given in 
Table II. 

BCD TO 7-SEGMENT LED DRIVERS 
DS7856/DS8856, DS8857, DS7858/DS8858 

This series of three circuits was designed to pro- 
vide a wide range of current capabilities in driving 
common cathode 7-segment LEDs operating in the 
multiplex or nonmultiplex mode. The circuits, 
discussed individually below, have output stages 
with varying source current capability designed 
for specific as well as general applications. 

All circuits accept 4-bit BCD and decode this input 
to the desired 7-segment output format for direct 
drive to LEDs. In addition, the circuits feature a 
lamp test pin for display turn-on check, ripple 
blanking-input pin and blanking input/ripple 
blanking output pin which may be used to 
modulate display intensity. 

The three circuits are TTL-DTL compatible and 
provide full decoding of the 16 possible input 
combinations. All parts operate off of a single 
5.0V supply. 

DS7856/DS8856 

The DS7856/DS8856 output stages, passive- 
pul lup (active high. Figure 4b), provide a typical 


source current of 6.0 mA at an output-voltage of 
1.7V. This current level was designed for directly 
driving, without the use of external current limit 
resistors, the NSN74 or equivalent type displays in 
the nonmultiplex mode of operation. 

Each output has a fan-out of 4 and is capable of 
sinking 6.4 mA with a maximum internal drop of 
0.4V making the circuit suitable for use with logic 
circuits. With the use of ari external buffer tran- 
sistor per output the circuit may be used to drive 
high current common anode LED displays as well 
as high voltage electroluminescent displays. Figure 
7 shows a typical application of the DS8856. 


BCD 

INPUTS 



FIGURE 7. Nonmultipiex Application of the DS8856 
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Operating temperature range and package types 
for the DS7856/DS8856 are given in Table II. 

DS8857 

The output stages of the DS8857, active pull-up 
(active-high, Figure 4c), source a typical current 



FIGURE 4c. Output Stage 


of 50 mA at an output voltage of 2.3V. The 
circuit was designed to be used with NSN74 or 
equivalent type displays operating in the multiplex 
mode of drive. With this high current capability 
the circuit can drive up to 16 such digits. 

The applications of this circuit obviously are not 
limited to just the NSN74type of display. Common 
cathode displays with high dc current require- 
ments or lower multiplex current levels may be 
driven by this circuit with the use of an external 
current limit resistor per segment. A typical appli- 
cation of the DS8857 is given in Figure 8. 


Table II gives the operating temperature range and 
package type for the DS8857. 

DS7858/DS8858 

The DS7858/DS8858 output stages are active 
pull-up (active-high, Figure 4d) like those of the 



FIGURE 4d. Output Stage 


DS8857. The output stages are exactly the same 
as the DS8857 except that the internal current 
limit resistor per output has been removed. 
External current limit resistors must then be used. 
This allows the circuit to be customized for a 
particular common cathode multiplex or non- 
multiplex application. Each output stage, through 
its own external resistor, can be programmed to 
some current from 50 mA down to 0 mA. Care 
must be taken in not shorting the outputs to 
ground because of the excessive current flow that 
would result from the Darlington upper stage. See 
Figure 9 for a typical application of the DS8858. 



For multiplex or nonmultiplex applications where an external current limit resistor 
per segment is required, see the output current vs voltage curve for the DS8857 and 
use the equation given in Figure 9 to calculator the resistor value. 


FIGURE 8. DS8857 TypicalMuttiplexing Scheme 
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Maximum output source current per segment for 
the DS7858/DS8858 is 50 mA. Operating tenri- 
perature range and package types are given in 
Table II. 

Special care must be taken in the use of the 
DS7858 ceramic and the DS8858 plastic DIP'S 
with regard to not exceeding the maximum operat- 
ing junction temperature of the devices. The maxi- 
mum junction temperature of the DS7858J is 
150°C and must be derated based on a thermal 
resistance of 80° C/Watt, junction to ambient. The 
maximum junction temperature for the DS8858N 
is 150°C and must be derated based on a thermal 
resistance of 140°CAA/att, junction to ambient. 


DS75491, DS8861 MOS TO LED SEGMENT 
DRIVERS 

The DS75491 and DS8861 were designed for 
MOS calculator applications. Both circuits feature 


low input current, 3.3 mA maximum at 10V 
input, making them suitable for direct drive from 
MOS circuits. The circuits are used to drive the 
paralleled segments in multi-digit displays. Since 
both circuits feature accessable collectors and 
emitters they may be used as either common 
cathode or anode segment drivers. They feature a 
source or sink current capability of up to 50 mA 
with a maximum collector to emitter drop of 
1.5V over tha operating temperature range. In 
addition, each output is specified to have a maxi- 
mum leakage of lOOpA at an output voltage of 
10V over temperature. Both circuits operate from 
a single supply that can have a maximum voltage 
of 10V. 

DS75491 FOUR SEGMENT DRIVER 

The DS75491 is a four-segment driver whose main 
application is with multi-digit LEDs operating in 
the multiplex mode of drive. Each package con- 
tains four separate segment drivers, each driver 


DS8858 Output Current 
vs Voltage 



3.2 3.3 3.4 3.5 3.6 3.7 

VoUT (V) 



Is = Sejment current 
Vq = LED diode drop at current Is 
VouT 0S88S8 output voltage at current 1$ (see graph) 
Example: 

Is = S.0 mA 

Vo = 1.7V (AT 5.0 mA) 

From graph (Vcc = 5.0V, Ta = 25°« 

VouT = 3.53V (AT 5.0 mA) 


„ 3.53V - 1.7V 

Rv 

5.0 mA 
Rx = 360S2 

The same equation may be used when either the OS78S8 or the 0S8858 are operating 
in the multiplex mode of drive. If the additional voltage drop due to the digit driver is 
taken into consideration.the new equation would have the following form: 

.. VouT - Vo - VoR 

Vdr ~ Digit driver drop at current 1$ 


FIGURE 9. DS8858 Applications 
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with free collector and emitter points, see Figure 
4e. 



DS75491 (4 per package) 
DS8861 (5 per package) 


FIGURE 4e. Circuit Schematic 

In the multiplex mode of drive, a six digit calculator 
needs only two DS75491's to drive the segments 
in the display, see Figure 10. The total of eight 
segment drivers allows drive to each of the indi- 
vidual seven segments plus logic control for the 
decimal point. Figure 11 shows the DS75491 
used in ap 8 digit calculator application. 

Table II lists the package type and temperature 
range of the DS75491. 


DM8861 FIVE SEGMENT DRIVER 

The DS8861 is a five segment driver which like the 
DS75491 is used with multi-digit LEDs operating 
in the multiplex mode of drive. Each package 
contains five separate drivers, each driver with 
free collector and emitter points. Figure 4e. 

A typical application of the DS8861 is given in 
Figure 11 where the DS8861 is combined with 
the DS75491 to provide a total of nine inde- 
pendent sources of LED segment current from an 
MOS calculator. This allows control of the 7- 
segments plus decimal point and minus sign. This 
combination of circuits is not solely applicable to 
just the 8 digit calculator configuration shown but 
can be used with a display having as many digits 
as desired as long as the multiplexed segment 
current requirement does not exceed 50 mA. 

As with the DS75491, the DS8861 is also appli- 
cable to use with common anode displays as well 
as common cathode since each driver has its 
collector bonded out to a separate pin. 




FIGURE 10. 6-Digit Calculator 
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Refer to Table II for operating temperature range 
and package type for the DS8861. 

DS75492, DS8863 MOS TO LED 
DIGIT DRIVERS 

The DS75492 and DS8863 are digit drivers 
designed to drive multi-digit common cathode 
LEDs directly from MOS circuits. Since digit 
currents are quite high in multiplex operation 
MOS circuits usually cannot sink the required 
digit select current, therefore these circuits pro- 
vide the required current buffering. The two 
circuits have different current handling capability 
as well as different numbers of drivers per package, 
each will be discussed individually later. 

The circuits are totally compatible for use with 
both the DS75491 and the DS8861. The most 
common usage of the circuits is in MOS calculator 
applications where the DS75491 or the DS8861 
source the segment current and either the 
DS75492 or the DS8863 sink the digit current. 

DS75492 SIX DIGIT DRIVER 

The DS75492 is a six digit LED driver designed 
to be used with common cathode multi-digit 


displays operating in the multiplex mode of drive. 

The circuit features six high gain Darlington 
connected transistors, with collectors open and 
emitters tied to ground (Figure 4f), capable of 



FIGURE 4f. Circuit Schematic 


sinking up to 250 mA with a maximum collector 
to ground drop of 1.5V over the operating 
temperature range. Low input current of 3.3 mA 
maximum at 10V makes the drivers suitable for 
direct connection to MOS circuits. Output leakage 
is 200juA maximum at 10V over temperature. 
Maximum Vcc is 10V. 



**NSN74 or equivalent 


FIGURE 11. 8-Digit Calculator 
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In Figure 10 the DS75492 is shown along with 
the DS75491 in a typical six digit calculator 
application. Since the calculator circuit shown is 
operated in the multiplex mode of drive only 
one DS75492 is required, replacing at least six 
transistors and resistors for the equivalent discrete 
circuit. 

The operating temperature range and package 
type for the DS75492 is given in Table II. 

DS8863 EIGHT DIGIT DRIVER 

The DS8863 is an eight digit LED driver designed 
to be used in conjunction with either the 
DS75491 and/or the DS8861 in driving eight 
common cathode LED digits operating in the 
multiplex mode of drive. 

This circuit features eight separate high gain 
Darlington connected transistor circuits, see Figure 
4f. Each Darlington transistor pair is capable of 
sinking 500 mA with a maximum collector to 
ground drop of 1.6V, Each collector can withstand 


10V at a pnaximum leakage of 250/uA in the off 
state. Maximum input current is 2.0 mA at 10V, 
making the circuit particularly well suited for 
direct drive from MOS circuits. 

Figure 11 shows the DS8863 used in a typical 
8-digit calculator application. The important 
feature of the DS8863 is the very high sink 
current capability. This allows multiplex operation 
of large digits or large numbers of digits without 
the use of discrete high current transistors. 

Another application of the DS8863 is shown In 
Figure 12. In this case the DS8863 is used along 
with the MM5314 series digital clock circuits in 
the implementation of a 6-diglt clock display. 
Here the DS8863 is used as a segment driver for a 
common anode display. The use of the DS8863 in 
this manner replaces a total of 14 resistors and 
7 transistors. 

The DS8863 uses a single supply with a maximum 
voltage of 10V. Table II specifies the operating 
temperature range and package type for the 
DS8863. 


Vss = 11V 



Rx = 200, variable depending on desired display brightness 


FIGURE 12. Digital Clock Using DS8863 
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DS8864, DS8865, DS8866 MOS TO 
LED DIGIT DRIVERS 

The DS8864, DS8865, and DS8866 were de- 
signed to drive common cathode nine, eight, and 
seven digit displays respectively. The applications 
of these drivers are similar to those of the DS75492 
and DS8863 except that operating current levels 
are lower. 

All circuits feature maximum input current of 
2.0 mA at a voltage of 6.5V. Output sink capabil- 
ity is 50 niA at a maximum collector to^ground 
drop of 1.5V. Output leakage is 40/iA (max) at 
an output voltage of 6.0V. All circuits operate 
from a supply that can vary from 5.0V to 9.5V. 

DS8864 NINE DIGIT DRIVER 

The DS8864 is a nine digit common cathode LED 
driver. Each package contains nine separate digit 
drivers. The circuit also features a "low battery" 
indicator driver which will light a decimal point 
whenever a 9.0V battery drops below 6.5V typical. 


and package type for the DS8864 Is given in 
Table II. 

DS8865 EIGHT DIGIT DRIVER 

The DS8865 Is/an eight digit common cathode 
LED driver. Eight separate drivers are contained 
within each package. As with the DS8864 and 
DS8866, the DS8865 can also be used as a seg- 
ment driver for common anode displays in the 
multiplex or nonmultiplex mode as long as the 
segment current does not exceed 50 mA and is 
current limited with external resistors. 

Table I I gives the operating temperature range and 
package type, for the DS8865. 

DS8866 SEVEN DIGIT DRIVER 

The DS8866 is a seven digit common cathode 
LED driver. Each package contains seven separate 
digit drivers. Logic is also provided for a "low 
battery" indicator which will detect a 9.0V battery 
drop to below 6.5V typical and drive a decimal 
point. 


Figure 13 shows the DS8864 in a typical calculator 
drive application. The operating temperature range 


Table II lists the package type and temperature 
range of the DS8866. 



FIGURE 13. A Typical Application of the OS8864, Showing a Complete 8-Digit, 
5 Function Calculator with Memory. 
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NATIONAL 


TRANSMISSION LINE CHARACTERISTICS 


INTRODUCTION 

Digital systems generally require the transmission of 
digital signals to and from other elements of the system. 
The component wavelengths of the digital signals will 
usually be shorter than the electrical length of the cable 
used to connect the subsystems together and, therefore, 
the cables should be treated as a transmissions line. In 
addition, the digital signal is usually exposed to hostile 
electrical noise source which will require more noise 
immunity then required in the individual subsystems 
environment. 

The requirements for transmission line techniques and 
noise immunity are recognized by the designers of sub- 
systems and systems, but the solution used vary con- 
siderably. Two widely used example methods of the 
solution are shown in Figure 1. The two methods 

UNBALANCED METHOD 



OS7830 


FIGURE 1. 

illustrated use unbalanced and balanced circuit tech- 
niques. This application note will delineate the char- 
acteristics of digital signals in transmission lines and 
characteristics of the line that effect the quality, and will 
compare the unbalanced and balanced circuits perfor- 
mance In digital systems. 

NOISE 

The cables used to transmit digital signals external to a 
subsystem and In route between the subsystem, are 
exposed to external electromagnetic noise caused by 


Applications 


switching transients from actuating devices of neighbor- 
ing control systems. Also external to a specific sub- 
system, another subsystem may have a ground problem 
which will induce noise on the system, as indicated in 
Figure 2. 



Induced noise along cable route 
Ground problems in associated equipment 


FIGURE 2. External Noise Sources 

The signals in adjacent wires inside a cable may Induce 
electromagnetic noise on other wires in the cable. The 
induced electromagnetic noise is worse when a line ter- 
minated at one end of the cable is near to a driver at the 
same end, as shown in Figure 3. Some noise may be 



FIGURE 3. Internal Noise Sources 

induced from relay circuits which have very large tran- 
sient voltage swings compared to the digital signals In the 
same cable. Another source of induced noise is current 
in the common ground wire or wires In the cable. 
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DISTORTION 

The objective is the transmission and recovery of digital 
intelligence between subsystems, and to this end, the 
characteristics of the data recovered must resemble the 
data transmitted. In Figure 4 there is a difference in the 
pulse width of the data and timing signal transmitted, 
and the corresponding signal received. In addition there 
Is a further difference in the signal when the data Is 
"AND"ed with the timing signal. The distortion of the 
signal occurred In the transmission line and in the line 
driver and receiver. 


TRANSMITTED 
NRZ DATA 


jjmiuin 


The rise time in a transmission line is not an exponential 
function but a complementary error function. The high 
frequency components of the step input are attenuated 
and delayed more than the low frequency corn ponents. 
This attenuation is Inversely proportional to the fre- 
quency. Notice in Figure 6 particularly that the signal 
takes much longer to reach Its final dc value. This effect 
is more significant for fast risetimes. 

The Duty Cycle of the transmitted signal also causes 
distortion. The effect Is related to the signal rise time as 
shown in Figure 7. The signal doesn't reach one logic 
level before the signal changes to another level. If the 
signal has a 1/2 (50%) Duty Cycle and the threshold of 
the receiver Is halfway between the logic levels, the dis- 
tortion is small. But if the Duty Cycle is 1/8 as shown In 
the second case the signal is considerably distorted. In 
some cases, the signal may not reach the receiver thresh- 
old at all. 


•-LJUaiL 


1/2 DUTY 
CYCLE DATA 


1/2 DUTY CYCLE 
LINE RESPONSE 


iuinm 




FIGURE 4. Effect of Distortion 

A primary cause of distortion is the effect the transmis- 
sion line has on the rise time of the transmitted data. 
Figure 5 shows what happens to a voltage step from the 
driver as it travels down the line. The rise time of the 
signal Increases as thd signal travels down the line. This 
effect will tend to affect the timing of the recovered 


1/8 DUTY 
CYCLE DATA 


1/8 DUTY CYCLE 
LINE RESPONSE 


FIGURE 7. Signal Distortion Due to Duty Cycle 

In the previous example, it was assumed that the 
threshold of the receiver was halfway between the ONE 
and ZERO logic levels. If the receiver threshold isn't 
halfway the receiver will contribute to the distortion of 
the recovered signal. As shown in Figured, the pulse 
time is lengthened or shortened, depending on the 
polarity of the signal at the receiver. This Is due to the 
offset of the receiver threshold. 


FIGURE 5. Signal Response at Receiver 



THE STEP RESPONSE OF A TRANSMISSION 
LINE RESEMBLES A COMPLEMENTARY 
ERROR FUNCTION RATHER THAN AN 
EXPONENTIAL FUNCTION 


i 1 " 


FIGURE 8. Slicing Level Distortion 


UNBALANCED METHOD 


FIGURE 6. Signal Rise Time 


Another source of distortion is caused by the IR losses 
in the wire. Figures shows the IR losses that occur in a 
thousand feet of no. 22 AWG wire. Notice in this 
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example that the losses reduce the signal below the 
threshold of the receiver in the unbalanced method. Also 
that part of the IR drop In the ground wire is common 
to other circuits— this ground signal will appear as a 
source of noise to the other unbalanced line receivers in 
the system. 


DM7400 



Transmission lines don't necessarily have to be perfectly 
terminated at both ends, (as will be shown later) but the 
termination used in the unbalanced method will cause 
additional distortion. Figure 10 shows the signal on the 
transmission line at the driver and at the receiver. In this 
case the receiver was terminated in 12012, but the char- 
acteristic impedance of the line is much less. Notice that 
the wave forms have significant steps due to the 
incorrect termination of the line. The signal is subject to 
misinterpretation by the line receiver during the period 
of this signal transient because of the distortion caused 
by Duty Cycle and attenuation. In addition, the noise 
margin of the signal is reduced. 


termination until it reaches Its final dc value. In both the 
rise and fall time diagrams, there are transient voltage 
and current signals that subtract from the particular 
signal and add to the system noise. 



FIGURE 11. Line Reflection Diagram of Rise Time 



AT DRIVER 


AT RECEIVER 


100 FT TWISTED 
PAIR SHIELDED 



200 ns/DIV 


FIGURE 10. DS75451, DM7400 Line Voltage Waveforms 

The signal waveforms on the transmission line can be 
estimated before hand by a reflection diagram. Figure 1 1 
shows the reflection diagrarri of the rise time wave 
forms. The voltage versus current plot on left is used to 
predict the transient rise time of the signal shown on the 
right. The initial condition on the transmission line Is an 
IR drop across the line termination. The first transient 
on the line traverses from this initial point to zero cur- 
rent. The path it follows corresponds to the character- 
istic Impedance of the line. The second transient on the 
diagram is at the line termination. As shown, the signal 
reflects back and forth until it reaches its final dc value. 

Figure 12 shows the reflection diagram of the fall time. 
Again the signal reflects back and forth between the line 


BALANCED METHOD 


In the balanced method shown in Figure 13, the tran- 
sient voltages and currents on the line are equal and 


DS7830 
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INPUT BALANCED LINE SIGNAL OUTPUT 


The ground loop current is much less than signal current 

FIGURE 13. Cross Talk of Signals 

opposite and cancel each others noise. Also unlike the 
unbalanced method, they generate very little ground 
noise. As a result, the balanced circuit doesn't contribute 
to the noise pollution of its environment. 
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The circuit used for a line receiver in the balanced 
method Is a differential amplifier. Figure 14 shows a noise 
transient Induced equally on line A and line B from line 
C. Because the signals on line A and B are equal, the 
signals are ignored by the differential line receiver. 

Likewise for the same reason, the differential signals on 
line A&B from the driver will not induce transients on 
line C. Thus, the balanced method doesn't generate noise 
and also isn't susceptible to noise. On the other hand 
the unbalanced method is more sensitive to noise and 
also generates more noise. 



SIGNAL ON LINE A 


SIGNAL ON LINE B 



DIFFERENCE SIGNAL (A-B) " V« " 

FIGURE 14. Cross Talk of Signals 

The characteristic impedance of the unbalanced trans- 
mission line Is less than the impedance of the balanced 
transmission line. In the unbalanced method there is 
more capacitance and less inductance than in the bal- 
anced method. In the balance method the Reactance to 
adjacent wli;es is almost cancelled (see Figure 15). As a 
result a transmission line may have a 6012 unbalanced 
impedance and a 9012 balanced impedance. This means 
that the unbalanced method, which is more susceptible 
to IR drop, must use a smaller value termination, which 
will further increase the IR drop In the line. 
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FIGURE 15. Zq Unbalanced < Zq Balanced 

The Impedance measurement of an unbalance and balance 
line must be made differently. The balanced impedance 
must be measured with a balanced signal. If there is any 
unbalance in the signal on the balanced line, there will be 
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an unbalance reflection at the terminator. Therefore, the 
lines should also be terminated for unbalanced signals. 
Figure 16 shows the perfect termination configuration 
of a balanced transmission line. This termination method 
is primarily required for accurate impedance measure- 
ments. 


UNBALANCED 

o— — 


-0 


r 



The unbalanced method circuit used In this application 
note up to this point is the unbalanced circuit shown in 
Figure 1. The termination of its transmission line was 
greater than the characteristic impedance of the unbal- 
anced line and the circuit had considerable threshold 
offset. The measured performance of the unbalanced cir- 
cuit wasn't comparable to the balanced method. There- 
fore, for the following comparison of unbalanced and 
balanced circuits, an improved termination shown In 
Figure 17 will be used. This circuit terminates the line in 
6012 and minimized the receiver threshold offset. 



FIGURE 17. Improved Unbalanced Method 


A plot of the Absolute Maximum Data Rate versus cable 
type is shown in Figure 18. The graph shows the dif- 
ferent performances of the DS7820A line receiver and 



LINE LENGTH (FT) 


FIGURE 18. Data Rate v$ Cable Type 
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LINE LENGTH (FT) 



LINE TERMINATION RESISTANCE (OHMS) 



10 100 1000 
LINE LENGTH (FT) 


FIGURE 19. Data Rate vs Duty Cycle FIGURE 20. Data Rate vs Line Termination 


FIGURE 21. Data Rate vs Distortion of 
DS75452, DM7400 


the DS7830 line driver circuits with a worse case 1/8' 
Duty Cycle in no. 22 AWG stranded wire cables. In a 
single twisted pair cable there is less reactance than 
in a cable having nine twisted pairs and in turn this 
cable has less reactance than shielded pairs. The line 
length is reduced in proportion to the increased line 
attenuation which is proportional to the line reactance. 
The plot shows that the reactance and attenuation has a 
significant effect on the cable length. Absolute Maxi- 
mum Data Rate is defined as the Data Rate at which the 
output of the line receiver is starting to be degraded. The 
roll off of the performance above 20 mega baud is due 
to the circuit switching response limitation. 

Figure 19 shows the reduction in Data Rate caused by 
Duty Cycle. It can be observed that the Absolute Maxi- 
mum Duty Rate of 1/8 Duty Cycle is less than 1/2 Duty 
Cycle. The following performance curves will use 1/8 
Duty Cycle since it is the worst case. 

Absolute Maximurri Duty Rate versus the Line 
Termination Resistance for two different lengths of 
cable is shown in Figure 20. It can be seen from the 
figure that the termination doesn't have to be perfect in 
the case of balanced circuits. It is better to have a termi- 
nation resistor to minimize the extra transient signal ; 
reflecting between the ends of the line. The reason the 
Data Rate increases with Increased Termination Resist- 
ance is that there is less IR drop in the cable. 

The graphs in Figure 21 shows the Data Rate versus the 
Line Length for various percentage of timing distortion 
using the unbalanced DS75452 and DM7400 circuits 
shovyn in Figure 17. The definition of Tinging Distortion 



10 100 1000 
LINE LENGTH (FT) 

FIGURE 22. Data Rate vs Distortion of DS7820A, DS7830 


is the percentage difference in the pulse width of the 
data sent versus the data received. 

Data Rate versus the Line Length for various percentage 
of timing distortion using the balanced DS7820A and 
DS7830 circuit Is shown in Figure 22. The distortion of 
this method is improved over the unbalanced method, as 
was previously theorized. 

The Absolute Maximum Data Rate versus Line Lengths 
shown in the previous two figures didn't include any 
induced signal noise. Figure 23 shows the test configura- 
tion of the unbalanced circuits which was used to 


5V 



8 NEAR END 
NOISE GENERATORS 


FIGURE 23. Signal Cross Talk Experiment Using 
DS75452, DM7400 

measure near end cross talk noise. In this configuration 
there are eight line drivers and one receiver at one end of 
the cable. The performance of the receiver measured in 
the presence of the driver noise Is shown in Figure 24. 



8-59 


AN— 108 Transmission Line Characteristics 




AN— 108 Transmission Line Characteristics 



noise similar to the unbalance performance shown in the 
previous figure. Unlike the unbalanced case, there was 
no measurable degradation of the circuits Data Rate or 
distortion. 

CONCLUSION 

National has a full line of both Balanced and Unbalanced 
Line Drivers and Receivers. Both circuit types work well 
when used within their limitations. This application note 
shows that the balanced method is perferable for long 
lines In noisy electrical evironments. On the pther hand 
the unbalanced circuit works perfectly well with shorter 
lines and reduced data rates. It should be kept In mind 
that when you are spending $500,000 for a CPU and 
$75,000 for peripherals, it pays to investigate the best 
way to transmit data between them. 

DEFINITION OF BAUD RATE 



MINIMUM UNIT INTERVAL T, 


The data in this note was plotted versus Baud Rate. 
The minimum unit interval reflected the worse case 
conditions and also normalized the diagrams so that 
the diagrams were independent of duty cycle. If the 
duty cycle is 50% then the Baud Rate is twice the 
Bit Rate. 
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DRIVER UPDATE-NEW DRIVERS FOR LED 
DISPLAYS 


INTRODUCTION 

Many new LED drivers have been introduced in the past 
year. This application note picks up where AN-99 left 
off and expands into recent developments In LED 
displays. If the particular display requirements are 
known, inspection of Table I will narrow down the 
selection of drivers to the most appropriate few, or 
the one that will do the job. Reading the description 
provided In this note, or on the data sheet for a parti- 
cular driver should help complete the design project. 
If more information on drivers in general Is desired, 
then read on. Since this is an application note, as many 
circuit applications as possible for each driver are 
included. 

GENERAL CONSIDERATIONS 

To multiplex or not to multiplex Is an important consid- 
eration. Some of the reasoning and arguments, pro and 
con, are covered very well in AN-99 and reading of that 
application note is recommended. An important factor 
affecting display operation is that most multi-digit 
displays presently available are interconnected for 
multiplexing only, removing any choice by the systems 
designer. 

The mathematics of multiplexing Is fairly straightfor- 
ward. The drive requirement for most LED displays is 
stated In the form of an average segment current. Peak 
segment current— the current a driver has to supply— is 
derived by dividing the average segment current by the 
duty cycle. For instance, it may be desirable to drive a 
9-diglt LED display, like National's NSA1 298, with an 
average segment current of 0.7 mA. If the duty cycle 
were 10%, derived by driving the 9 digits for equal 
periods plus a 10% of period interdigit blanking time, 
then the peak segment current would be 7 mA (0.7 mA 
■M0%). Digit current Is then the peak segment current 
multiplied by the number of segments that are "ON." 
Including the decimal point, the maximum digit current 
would be 56 mA (7 mA x 8 segments). In addition to 
this rather simple example, the designer needs to account 
for the specified variation in segment currents due to 
resistor tolerance, etc. and its effect on the digit driver 
specification. However, the example serves to show the 
basic mathematics Involved. 


Applications 


CATEGORIZING DRIVERS 

Drivers may be categorized by various functions and 
conditions. Some of these are: 

a) Segment drivers or digit drivers 

b) Anode drivers or cathode drivers 

c) MOS compatible or TTL compatible inputs 

d) Inverting or non-inverting outputs 

e) Decoded or straight through drivers 

f) Number of outputs 

g) Current handling capability 

h) Design supply voltage, particularly if an integral low 
battery indicator is included 

The design guide in Table I should help In locating 
devices In most of these categories. 

FEATURES 

There are many features available on the newer segment 
and digit drivers which help make the overall cost of 
production lower or make the end product more appeal- 
ing or both. 

One of these features is pinout. The newer segment and 
digit drivers have all the inputs grouped together and all 
the outputs grouped together, usually on opposite sides 
of the package. This vastly simplifies circuit board layout 
often eliminating costly jumper wires and very tight cir- 
cuit board traces that lead to troublesome solder 
bridging. 

Another feature is that some of the newer segment 
drivers Incorporate the current setting resistors inter- 
nally, saving the cost of purchasing, stocking, forming, 
inserting and board layout for discrete resistors. 

On many of the newer digit drivers, a new feature is the 
self-contained low battery indicator. These indicators are 
generally set for 9V battery systerns or 6V (4-cell) or 
4 1/2V (3-cell) battery systems. They are an appealing 
sales feature that warns the purchaser when to recharge 
the batteries (if ni-cads) or replace them if they are 
throw-aways. 
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TABLE I. 

Refer to LED Driver Guide in Front of Catalog 


National 

Part 

Number 

Status 

Current 
(Note 1) 
Min 
(mA) 

Off -State 
Output 
Voltage 
Max 
(V) 

Package 

Size 

(Number 

of 

Pins) 

Number 

of 

Decoded 

Inverting 

Non- 

Inverting 

Driver 


For 

Common 

Anode 

For 

Common 

Cathode 

MOS 

Inputs 

TTL 

Comments 

Anode 

Cathode 

Digit 

Segment 

DM7446A 

Production 

40 

30 

16 

7 

X 




X 


X 

X 



X 


DM7447A 

Production 

40 

15 

16 

7 

X 




X . 


X 

X 



X 


DM7448 

Production 

-2 

NA 

16 

7 

X 




xt 


X 

xt 



X 

tThrough External T ransistor 

DS8646 

Development 

84 

5 

Dice 

6 


X 



X 

X 



X 

X 


For CMOS Watch Circuits 

DS8647 

Development 

-7 

-4 

Dice 

9 


X ■ 


X 



X 


X 

X 


For CMOS Watch Circuits 

OS8648 

Development 

-7 

-4 

Dice 

9 



X 

X 



X 


X 

X 


Fpr CMOS Watch Circuits 

DS8650 

Production 

50 

5 

Dice 

4 


X 



X 

X 



X 

X 


Por CMOS Watch Circuits 

DS8651 

Production 

-5 

-4 

Dice 

7 


X 


X 



X 


X 

X 


For CMOS Watch Circuits 

DS8658 

Production 

84 

5 

Dice 

4 


X 



X 

X 



X 

X 


For CMOS Watch Circuits 

DS8659 

Production 

-7 

-4 

Dice 

7 


X 


X 



X 


X 

X 


For CMOS Watch Circuits 

DS8844 

Production 

50 

10 

16 

7 


X 



X 

X 



X 

X 



OS8855 ' 

Production 

50 

10 

22 

9 


X 



X 

X 



X 

X 



OS8856 

Production 

-6 max 

5.5 

16 

7 

X 




xt 


X 

xt 



X 

tThrough External Transistor 

DSS857 

Production 

-50 max 

5.5 

16 

7 

X 



X 



X 


X 


X 


DS8858 

Production 

-50 max 

5.5 

16 

7 

X 



X 



X 


X 


X 


OS88S9 

Production 

0-40 

5.5 

16 

6 


X 



X 


X 

X 



X 

Lamp Driver With Latch 

OS8861 

Production 

±50 


18 

5 





WEm 

Hi 

X 





•With Emitter Grounded 

OS8863 

Production 

500 


18 

8 




h|^H 


n 



mM 




DS8864 

Production 

50 


22 

9 










WM 


For 9V Battery With Low Battery 

OS8865 

Production 

50 


18 

8 



nm 

nni 

WBM 

mm 




mm 

mmi 


DS8866 

Production 

18 

10 

18 

HHHi 

|B||||||| 

■nmiH 

■||HH| 



mm 


■■■■H 


imn 


For 9V Battery With Low Battery 

DS8867 

Production 

-10 

8 

18 

HH 





mi 

H 






Preset IquT 

OS8868 

Production 

110 

5 

18 





H|^H 


D 

^mi^i 





For 4.5V Battery With Low Battery 

OS8869 

Production 

0-40 

5.5 • 

16 

HH 

^H^H 





■I 



^m^H 

^mi 


Lamp Driver With Latch 

DS8870 

Production 

350 

10 

14 



IBHi 

IHH 

HH 

■H 


mmm 

mim 

mEmi 

moi 

immi 


DS8871 

Production 


jjnn 







HH 

||Rn 

■■■■■1 


mam 

■■QH 

■■■■ 


DS8872 

Production 




WM 













DS8873 

Production 


WSM 














For 9V Battery With Low Battery 

DS8874 

Development 









■H 


H^^^H 


■H 



For 9V Battery; Shift Input 

DS8876 

Development 



HBSli 

hBH 

HHH 

hHUI 

nm 

mu 

mSm 

■HI 

hHH 

mHH 

■m 

moi 

j^m 

For 6V Battery; Shift Input 

DS8877 

Production 


■EH 

nmi[H 

IBHIIH 




■■nil 

■SHH 

jHH 

■HHH 

■HHjH 

■m 

■■QH 

■mm 

DS75492 Pin Out 

DS8879 

Development 











^mi^i 





For 4.5V Battery; Shift Input 

DS8895 

Production 


■EH 



^H^H 





^^H 






Internal Set IquT 

DS8973 

Development 








m^i 


^^H 






For 4.5V Battery With Low Battery 

DS8974 

Development 


■EH 


iQim 

HHH 

h^9H 


mm 



iiiimH 

mu 

■H 

BQI 

imim 

For 6V Battery With Low Battery 

DS8976 

Development 

100 

10 

22 

9 


X 



X 

X 



X 

X 


For 9V Battery With Low Battery 

DS75491 

Production • 

±50 

10 

14 

4 


X* 

X 

X- 

X‘ 

X* 

X 


X 

X 


•With Emitter Grounded 

DS75492 

Production 

250 

10 

14 

6 


x; 



X 

X 



X 

X 



DS75493 

Production 

-30 

10 

16 

4 



X 

X 



X 


X 

X 


lOUTSet By RgXT 

DS75494 

Production 

180 

10 

16 

6 


X 



X 




X 

X 




Note 1;Positive current is into the device (sinking). 


Watch Circuits Using LED's 

Two new drivers designed to drive LED displays in 
watches are the DS8658 and DS8659. The DS8658 is a 
4-digit driver which is basically 4 NPN transistors op a 
chip with their emitters tied together. The 4 bases are 
brought out on one side of the chip and the 4 collectors 
on the opposite side to mal^e assembly easier. The 
DS8659 is a constant current segment driver designed 
to supply 10 ±3 mA. To accomplish this with only a 
2.4— 2.7V battery, the circuit uses a PNP current mirror 
driven by a PNP emitter-follower. This is believed to be 
the first all PNP integrated circuit in large scale produc- 
tion. Figure 1 shows a typical watch circuit using these 
drivers. If, for reasons of battery life or for a smaller 



FIGURE 1. Typical Watch Circuit 


ladies type watch, a smaller display Is used, then lower 
segment currents can be generated. The watch circuit in 
Figure 2 shows just such a circuit. The DS8651 will 
supply 6.5 ±1.5 mA per segment. 

The NSC0175 are 75% the height of the NSC0101 used 
in Figure Tand can be spaced closer together. An even 
smaller, brighter display can be made using the NSC0155 
which are 55% the height of the NSC0101. 

If the CMOS watch chip is designed to drive non-invert- 
ing segment drivers, then the DS8649 8-segment driver 
can be used. The output current of the DS8649 has a 
much higher battery voltage dependence than the 
DS8651 or DS8659, but Is more efficient since all dis- 
play driver current goes through the display. Figure 3 
shows how the DS8649 would be connected In a Watch 
circuit. With a fresh set of batteries, the DS8649 
delivers typically 10-12 mA per segment, dropping to 
5 mA typically at 1/2 battery life. 

As might be expected, digital watches are being designed 
with more and more features. One of these features 
includes the provision for an alpha-numeric representa- 
tion for day of the week. This requires a 9-segment 
driver, such as the DS8647 (Inverting) or DS8648 
(non-inverting). Also some designs show a third pair of 
digits to show seconds or date at the same time hours 
and minutes are being displayed. For these applications, 
a 6-digit driver such as the DS8646 (inverting) can be 
used. An example of the application of these circuits 
is shown in Figure 4. 
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FIGURE 2. Low Power Watch Circuit 
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FIGURE 3. Watch Circuit Using DS8649 
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FIGURE 4. Alpha-Numeric Date Watch 


Clock Applications of LED Drivers 


If a high brightness, large display is desired, then the 
application shown 'm Figure 7 own be used. In this circuit, 
2-segment drivers rated at 50 mA each are paralleled to 
Supply 100 mA of segment current to the large 0.6 Inch 
NSN64R display. The digit drivers are also paralleled 
to sink the required 700 mA. 


Calculator Applications of Display Drivers 


The key to low cost calculators has been to reduce the 
number of components required to an absolute mini- 
mum. An example of an extremely simple, low cost 
calculator is shown In Figure 8. The DS8877 driver will 
sink 35 mA min and consists of 6 drivers per package. 


Clocks are generally viewed at some distance, and there- 
fore require larger displays. Larger displays in turn require 
higher operating segment currents. Figure 5 shows a 
typical clock circuit— in this case a clock for automobiles. 
In this circuit, the segment currents are set to approxi- 
mately 45 mA by the 4 resistors connected to each 
DS75491. The DS8870 hex digit driver will sink the 
360 mA maximum digit current. 

Clocks for home use don't require the high degree of 
light output that an auto clock requires. For these 
applications It becomes more cost-effective to use two 
DS8867's m parallel to produce a typical segment 
current of 28 mA. The digit driver In this case can be a 
DS75492 and each digit driver will sink typically 
208 mA with a figure 8 displayed and the colon dis- 
played. This application is illustrated in Figure 6. 
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Just because the calculator gets more complicated 
doesn't mean that the component count has.to increase. 
In Figure 9, the calculator circuit has 2 less components 
than the circuit in Figure 8 (one switch and one resistor). 

Yet this calculator provides an 8-digit floating point dis- 
play with memory and constant. In addition the DS8864 
display driver supplies a low battery indication besides 
driving 9 digits. This low battery indicator supplies cur- 
rent to turn on the decimal point segment in the digit 9 
position whenever the battery voltage drops into the 
6— 7V region. It is specified to be "ON" if the Vcc is 
6V or less and to be "OFF" for any voltage over 7V. 

Even a sophisticated circuit as the Programmable Finan- 
cial Computer shown In Figure 10 doesn't require any 
driver circuitry more complicated than a single DS8864. 

If for some reason, such as ac operation, or different 
battery voltage, etc., a low battery indicator is not 
desired or needed, then the DS8855 can be used. It is 
identical in specification and pin out to the DS8864, 


except for the absence of any specification regarding a 
low battery indicator. 

Rechargeable Battery and 3 or 4 Cell Systems 

All of the previous discussion and applications have 
applied to a single 9V throw-away battery system. 
Rechargeable cells are expensive, and it would require 
6 cells to work in the previously described circuits. 
It is even cost effective to replace an expensive recharge- 
able cell with a less expensive segment driver. Also dc-to- 
dc converters can be obtained for less than the cost of 
two cells. The following applications apply to just such 
systems. 

But first let us consider the question of just how many 
cells to use. Any calculator system using less than 6 cells 
will supply less than 6.6V end of life (assuming 1.1V per 
cell to be end of useful life for a nickel-cadmium 
rechargeable cell.) Most calculator chips require at least 
6.5V to work. Therefore any system of fewer than 
6 cells will require a dc-to-dc converter to raise the 
voltage for the MOS calculator chip. 



KEYBOARD 


CALCULATOR CHIP 


DIGIT DRIVER 


DISPLAY 


FIGURE 9. Memory Calculator 
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FIGURE 10. Low Cost Hand Held Programmable Financial Computer Using the MM5762 Calculator and MM5765 Programmer 



FIGURE 11. 4*Cell Calculator System 


Next, a GAAs LED display requires a 1 .7— 2.0V drop to 
operate. If we could get segment and digit drivers that 
dropped less than 0.3V each, the required supply for the 
display would be 2.6V min. This eliminates the use of 
1 or 2 cells to operate the display directly. The most 
efficient, least power wasting system would use 3 cells 
to operate the display directly (since it takes 3/4 or 
more of the power In a calculator) and use a 3V to 8V 
converter to run the MOS chip. 

Any 3-ce|l system also requires the use of a segment 
driver, otherwise ail of the segment current, e.g., display 
current, would have to be generated by the MOS chip 
off of the dc-to-dc converted 8V supply and all of the 
efficiency we hoped to gain from using 3 cells would be 
lost. Battery current drain would at least double and 
typically triple with the resultant drastic decrease in 
battery life. 


A compromise system using 4 cells can be constructed. 
In this system the calculator chip's Vss terminal is 
connected to the positive battery terminal, so that the 
MOS calculator chip supplies direct segment drive, yet 
all of this current flows from the battery, not the dc-to- 
dc converter. Such a system is shown In Figure 11. The 
reason 4 cells are required Is that the MOS chip requires 
at least 2V across Its segment drivers In order to gener- 
ate the required segment current. 

This system does require a digit driver with a lower out- 
put drop than the DS8864's Darlington outputs. The 
DS8864 is specified to be less than 1.5V which is ade- 
quate in 9V systems. Therefore a saturating output 
driver like the DS8872 or DS8873 is required. Their 
outputs are specified at less than 0.5V. Their pinouts 
gre identical to the DS8864 and the DS8872 has no low 
battery indicator, while the DS8873 does. 
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In a 3 cell system, one cell of the 4 cell system above is 
traded for a segment driver (Figure 12). 

The DS8867 segment driver has 8 drivers, each designed 
to supply 14 mA segment current, independent of sup- 
ply voltage. The DS8973 9-digit driver will sink 100 mA 
typically and has a low battery indicator set to turn on 
the decimal point segment at the digit 9 time if the bat- 
tery voltage drops below 3.1V. It will be off for any 
battery voltage greater than 3.5V. 

Some other drivers that have particular uses, are the 
DS8844, DS8865 and DS8871. The DS8844 Is a 7-dlgit 
driver with Darlington outputs which are specified 
like the DS8864. The DS8865 Is an 8-digit driver which 
just adds one driver to the DS8844 and is in an 18-pin 
package Instead of the DS8844's 16-pin package. The 
DS8871 has a saturating output similar to the DS8872 
and DS8873 {specified at 0.5V) and has 8 drivers in an 


18-pin package. These drivers are useful for smaller 
6-digit calculators (Figure 6). They are also useful for 
the newer scientific calculators that have 12 or more 
digits. One example of this application is shown in 
Figure 13. 

Some Newer Driver Circuits 

One scheme to reduce the number of drivers or the 
number of pins on a driver resulted in the DS8868 which 
Is a 12-dlgit driver with low battery indicator ail in an 
18-pin package. This bit of magic is accomplished by 
Incorporating a 4 input decoder on chip with the drivers 
and by feeding the low battery condition Information 
back into the MOS calculator circuit through one of the 
input pins. Of course this requires a special calculator 
chip to drive the DS8868. One such calculator circuit is 
the MM5758 Scientific Calculator shown in the applica- 
tion block diagram In Figure 14. 



FIGURE 12. Typical 3-Cell Mathematical Calculator Circuit 



FIGURE 13. 14-Digit Calculator 



8-69 


AN-148 Driver Update— New Drivers for LED Displays 








AN -148 Driver Update— New Drivers for LED Displays 


Ahbther interesting scheme to reduce package size and 
number of interconnections is shown in Figure 15. 

The digit driver in this application, the DS8874, is a 
shift register that only requires a SET input to set the 
first digit driver and clock to step the "ON'' signal from 
the first to the second and on down to the 9th driver. 
The SET signal also resets the 9th driver. One added pin 
is used for a low battery output. This allows a 9-digit 
driver to be put in a 14-pin package. In the DS8874, the 
low battery indicator is set for a 6-cell (9V) battery 
system. The DS8876 is a DS8874 with a 4-cell low 
battery system and a 3-cell version is the DS8879. This 
driver also requires a special compatible and comple- 


mentary MOS calculator chip. One of these is the 
MM5784. The interconnection diagram is shown in 
Figure 16. 

CONCLUSION 

In this application note we have tried to stay away from 
a cookbook approach. Rather, we have tried to stir the 
interest and ingenuity of the reader in applying various 
LED drivers to the system design problem that may be 
facing the reader. You are invited to inspect the specific 
data sheets of any devices that se6m to apply to your 
application to enable you to complete your design cal- 
culations. May your new design be a winner! 



FIGURE 14. Typical 3-Cell Scientific Calculator System 



FIGURE 15. DS8874 9-Digit Driver 



FIGURE 16. 4-Cell Shift Driver Calculator System 
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OPTO BRIEF 1 

SWITCHING TIME TESTING OF OPTO-COUPLERS 


NATIONAL 

INTRODUCTION 


Simple opto-couplers, such as those with transistor and 
darlington outputs, have improved much in the last few 
years, however the circuitry and the manner of obtaining 
switching times have not changed, thus leaving a lot to 
be desired. After all, the only real purpose of such 
measurements is to convey, via the spec sheet, the top 
speed of your device to a design engineer. This top 
speed must, however, be defined in a reasonable manner, 
and by logical terms, and to meaningful levels. 

Present methods of specifying switching times are at 
some completely unknown LED drive from which of 
course no engineer can design. The LED forward 
current (Ip) is varied until the transistor collector 
current (Iq) reaches some specified limit (typically 
this is at 1 or 2 mA). The rise and fall times (t^ and tf) 
are defined as the time it takes the 1^ to reach from 10% 
to 90%, and 90% to 10% respectively its specified 
level. The tr and tf of the detectors Iq is not adequate 
in defining opto-coupler speed as both lack reference 
to the input, emitter waveform. A 1 ms rise time of the 
detector's Ic is meaningless if Ip must flow for 2 ms 
( delay time, t^) before any Iq begins. As such, "on-time, 
toN» which is td + t/' and "off-time, topF- which is 
tg* + tf" will better define opto-coupler speed. Note, 
that unlike tr and tf, toN topp both have reference 
to the input emitter waveform. 

Since most transistor type opto-couplers are driven from 
TTLtype logic, the input current to the LED is constant. 
Thus, I feel the following conditions are the most mean- 
ingful in testing opto-coupler speed. All emitter drive 
characteristics are fixed and constant in pulse width, 
pulse amplitude and duty cycle. This, also implies a 
completely fixed Ip for the emitter of the opto-coupler. 
The base terminal of the detector must have some elec- 
trical definition rather than the usual— no connection. 
A very high value resistor is connected between the 
base and the emitter of the detector. This resistor has 
a very minor effect on the speed and the current transfer 
ratio of the device. The Vce of fh® detector must also 
be held as constant as reasonably possible. I have elected 
the following specific conditions for the measurement 
of National Semiconductor's opto-coupler's toN and 
topp parameters. 

The emitter Ip pulse is fixed and constant at 10 mA 
peak (-0%, +10%), 8ms in duration and a duty cycle of 
no greater than 10%. The Vce of the detector is fixed 
and constant at 4.0 Vdc (“0%, +10%). The apparent 
Rl (detector load) is to be no greater than 50 ohms. 
Using these test conditions, the measured parameters 
are defined as: 

■ The At between the beginning of the on drive Ip 
pulse and time when Ic exceeds 1 mA. This is 
defined as toN- 

• The At between the end of the on drive Ip pulse 
and time when Ic decreases below 1 mA. This is 
defined as topp. 

*ts is storage time and is usually small compared to fall time (tf) 



The following circuit is used for the measurement of 
switching times with the conditions just stated. 


The output of Q2 when compared to the input TTL is 
directly comparable to tQfg and topp of the optocoupler 
as follows: 


OUTPUT OF TTL DRIVING 
THE NCT200 



OUTPUT OF 02 


* As referenced to 1 .0 mA Ic when 1 0 mA I p is supplied to the emitter. 

FIGURE 2. 


If the user so wishes, the LED drive level, the Ic sort 
level and the Rl can be varied. 

To change the LED Ip, the series limiting resistor 
(Rl, 300^2) can be increased or decreased to obtain 
less current or greater current respectively. If Rl is 
decreased in value, be sure the TTL can sink the particu- 
lar Ip that is required. 

f 

The input impedance of the base-emitter of Q2 defines 
the apparent Rl- Little can be done to decrease this 
value. Rl can be increased at your discretion by 
inserting a resistor directly in series with the base of Q2 
only. I feel, however, there is no reason to decrease the 
Rl below 25 ohms and no advantage can be seen in 
increasing this resistance. 


The present Ic sort level is determined by R3. The 1 mA 
level presently used was arrived at by dividing 0.75V 
by the R3 value. The 0.75V is the Vbe(on) voltage 
of Q2 hence, if a 2 mA Ic level Is desired, R3 must be 
halved, if a 1/2 mA level Is desired, R3 must be doubled. 
Note that R4 must be approximately the same resistance 
as that of R3 at any sort point to assure a logic "1" 
level Q2 output. Ic sort points of TOOmA to 10 mA can 
be obtained this way. 

This method of measuring switching times is directly 
comparible to the methods used to obtain simple 
transistor switching times (i.e., fixed base drive, fixed 
collector current). In addition to switching time testing 
the circuit in Figure 1 could be functional as an opto- 
coupler to TTL interface buffer amplifier. 
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OPTO BRIEF 2 
THE ODD COUPLER 

NAHONAL 

INTRODUCTION 

The opto-coupler is not such an odd device as one would 
think. This simple opto-electronic system is an out- 
growth of the LED technology which has matured in the 
last few years. 

The basic opto-coupler consists of gallium-arsenide LED, 
which emits infrared light through a clear coupling media 
onto a photosensitive detector. The emitter and detector 
are both mounted in a sealed package, the most popular 
being the 6-lead plastic mini-DIP. A close analogy of an 
opto-coupler is the electro-magnetic relay. ^ 




Electro-Magnetic Relay 
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Opto-Coupler 


In a relay, the coil Is energized, the contact closes and 
starts conducting current through the load. In the opto- 
coupler, the LED is forward biased, emitting photons, 
which are intercepted by the detector causing it to con- 
duct current. Electrical isolation is achieved in the 
coupler because there is no electrical connection between 
the LED terminals and the detector terminals. Isolation 
voltages up to 3500 volts dc can be achieved In a 6-lead 
DIP package. 

The photon source of the coupler is an efficient gallium- 
arsenide die which, when forward biased, emits light in 
the 9000 angstrom region. 

Most couplers have silicon phototransistor detectors 
that respond rriost efficiently to the infrared wavelength 
of 9000 angstrom region. In addition to phototransistors, 
photodiodes, photodarlingtons and photo SCRs are 
being used as detectors. The most important character- 
istics to consider in each device are: 

■ Current transfer ratio (CTR) 

. ■ Switching speed 

■ Isolation voltage 

■ Breakdown voltage of the detector 

Most of these terms are self-explanatory, but it would 
be helpful to review current transfer ratio (CTR). CTR Is 
the efficiency Of current transfer from the input to the 
output of the opto-coupler. CTR is expressed as a per- 
cent ratio of the collector current compared to the Input 
LED current. Generally, CTR has an inverse relationship 
with speed and bandwidth. In other words, the greater 
the CTR the less is the bandwidth and the lower the 
switching speed. 

Photodiode couplers offer very low-current transfer 
ratios (usually less than 1%) and extremely high switch- 
ing speeds in the 10 to 20 nanosecond range. Moreover, 
leakage is very low In these devices, usually less than a 


nanoamp. Photodiode couplers are especially desirable 
fordc coupling applications where very I Ow-I ever circuitry 
is coupled to high-input signal level circuitry. 
Photodarlington couplers offer high-current transfer 
ratios from 50% to 500%. This seeming paradox occurs 
because of the high gain of the paired transistor output 
stage. However, there is a trade-off for this gain: switch- 
ing speed is relatively low— in the 50 to 150 microsecond 
range, and leakage Is relatively high— In the mIcroamp 
range. Unfortunately, leakage increases with temperature. 
Photodarlingtons are also used in dc applications for 
coupling low-power circuits to high-power circuits. 

Phototransistor couplers generally offer current transfer 
ratios In the 5% to 100% range. These devices are fast with 
switching speed less than 10 microseconds. Leakage is rel- 
atively low— less than 5 nanoamps, and is related to the 
thermal characteristics of the transistor. Phototransistor 
couplers are the most popular type and are typically used 
where dc low-power circuits are coupled to high-power in- 
put signals. The NCT200 series couplers are such devices. 
Photo SCR couplers are specialized devices used almost 
exclusively In high-current ac applications. Examples in- 
clude driving larger SCRs as "on-off'' switches rather 
than analog modulators. Current transfer ratio cannot 
be, applied in the usual sense. The term "turn-on 
current" as applied to these devices refers to that 
current through the emitter which will cause the SCR 
to latch. Photo SCRs are generally used where it 
is desired to switch high-power ac circuitry with 
low to medium power signals. Typically this is a 
relay application. 

Speaking of applications . . . 

Wherever information Is transmitted between switching 
circuits that must be electrically isolated, an opto- 
coupler could be use(^. Non-solid-state devices like relays 
and isolation transformers are still doing this job for 
some companies. 

Most opto-coupler applications are in digital circuitry. 
Usually the common couplers (transistors and darling- 
tons) are not recommended for linear applications 
because of the CTR non-linearity which changes with 
temperature and input current. The opto-coupler can be 
used In data communications systems where line isolation 
is required between a remote computer terminal and a 
Central Processing Unit. With the power line isolated 
from the rest of the circuitry, the opto-coupler provides 
immunity from ground current noise. 

An opto-coupler can be used between a telephone 
exchange and a telephone receiver for signaling digital 
logic levels to some other place in the system. The opto- 
coupler is faster than the standard relay coils that are 
being used. 

In the medical electronics an opto-coupler could be used 
as the isolation element between the patient and an ac 
line. The opto-coupler will Isolate the patient to keep 
lethal currents from flowing through him during a hos- 
pital test process. A solid-state relay can be built with 
distinct advantages over a mechanical relay. Faster speeds, 
longer life and no moving parts are some reasons for 
using a solid-state relay over a mechanical relay. 

If you are in electronics, you are probably using switch- 
ing circuits, and if you are using switching circuits there 
is most likely an application for opto-couplers in your 
company. 
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MIL-STD-883/MIL-M-38510 
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MIL-STD-883 


Mil-Standard-883 is a Test Methods and Procedures 
Document for Microelectronic Circuits. It was 
derived from MIL-S-19500, MIL-STD-750, and 
MIL-STD-202C for transistors and diodes at about 
the time that National Semiconductor Corporation 
was entering the military microelectronics market. 
As a result, our standard quality control operations 
are written around MIL-STD-883. The bonding 
control, visual inspections, and post seal screening 
requirements set forth by 883 (as well as added 
control procedures beyond the requirements of 
883) have been part of National's quality control 
procedures almost from the start. Our Quality 
Assurance Procedures Manual is available upon 
request. 


We offer a complete line of Interface /883 (Class 
B) products as standard, off-the-shelf items. Special 
Interface/883 data sheets have been prepared to 
reflect this capability. They show process flow, 
electrical parameters, end of test criteria, and test 
circuits. We save you the problem of specifying test 
and inspection procedures, and offer significant 
cost savings by having an off-the-shelf, "to the 
letter" 883 program. In addition, we will test any 
of our integrated circuits to any class of MIL- 
STD-883. 

The detailed information concerning MIL-STD-883 
screening is contained in National's specification 
NSC 10002. 


MIL-M-38510 

MIL-M-38510 specifies the general requirements 
for supplying microcircuits. These are; product 
assurance, which includes screening and quality 
conformance inspection; design and construction; 
marking; and workmanship. The screening and 
quality conformance inspection are conducted in 
accordance with MIL-STD-883. 

SCREENING 

All microcircuits delivered in accordance with MIL- 
M-38510 must have been subjected to, and passed 
all the screening tests detailed in Method 5004 of 
MIL-STD-883 for the type of microcircuit and 
product assurance level. 

The device electrical and package requirements of 
MIL-M-38510 are detailed by a device specification 
referred to as a slash sheet. Each slash sheet defines 
the microcircuit electrical performance and mech- 
anical requirements. Each device listed on a slash 
sheet is referred to as a slash number and the group 
of the microcircuits contained on a slash sheet is 
defined as a family of devices. The device may be 
Class B or C as defined by MIL-STD-883, Method 
5004 and 5005. Three lead finishes are allowed 
by the slash sheet, pot solder dip, bright tin plate, 
and gold plate. 


The MIL-M-38510 specs for standard Interface 
devices require 100% DC testing at 25°C, ~S5°C 
and +125°C. AC testing is performed at +25°C. 
The electrical parameters specified are tighter 
than the normal data sheet guaranteed limits. 
Additionally, MIL-M-38510 requires device trace- 
ability, extensive documentation and closely 
matched maintenance. 

QUALITY CONFORMANCE 

Quality conformance inspection is conducted In 
accordance with the applicable requirements of 
Group A, (electrical test). Group B and C, (environ- 
mental test) of Method 5005, MIL-STD-883. These 
tests are conducted on a sample basis with GroupA 
performed on each sublot, Group B on each lot, 
and Group C as specified (usually every three 
months). 

To supply devices to MIL-M-38510, the 1C manu- 
facturer must quality the devices he plans to supply 
to the detail specifications. Qualification consists 
of notifying the qualifying activity of one's intent 
to qualify to MIL-M-38510. After passing compre- 
hensive audits of facilities and documentation 
systems, the 1C manufacturer will subject the 
device to and demonstrate that they satisfy all of 
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the Group A, B, and C requirements of Method 
5005 of MIL-STD-883 for the specified classes and 
types of 1C. The qualification tests shall be moni- 
tored by the qualifying agency. FinaUy the 1C 
manufacturer shall prepare and submit qualifica- 
tion test data to the qualifying agency. Groups A, 
B, and C inspections then shall be; performed at 
intervals no greater than three months. 

The purpose of qualification testing is to assure 
that the device and lot quality conform to certain 
standard limits. In effect, lot qualification tests 
tend to ensure that once a particular device type 
is demonstrated to be acceptable, it's production. 
Including materials, processing, and testing will 
continue to be acceptable. These limits are speci- 
fied in MIL-STD-883 in terms of LTPD's (Lot 
Tolerance Percent Defective) for the 'i/arious quali- 
fication test sub-groups. Qualification testing is 


performed on a sample of devices which are chosen 
at random from a lot of devices that has satisfac- 
torily completed the screening of Method 5004 
must be performed on each device, i.e. on a 100% 
basis as opposed to qualification testing (Method 
5005) which occurs on a random sample basis. 

In summary, the entire purpose of MIL-M-38510 
and MIL-STD-883 is to provide the military, 
through its contractors with standard devices. 

We at National Semiconductor have supplied and 
are supplying devices to the MIL-M-38510 specif I- 
catipnSi To order a MIL-M-38510 microcircuit, 
specify the following: 

For example; to specify a DS55T07 In a DIP 
processed to the requirements of MIL-M-38510, 
Class B, with gold plated leads, specify M-385T0/ 
10401 BCC. 


MM38510/ 

XXX 

XX 

I — 

T" 

T” 

Specifies the 

Slash 

Device 

General Require- 

Sheet 

Type 

ments of 
MIL-M-38510 

No. 



Device Case Lead 

Class Outline Finish 
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interface circuits 

Common Mode Voltage: Arithmetic mean of vol- 
tages at the differential inputs referenced to 
ground pin at the receiver. 

Common Mode Sensitivity: Rate of change of 
input differential voltage required to produce a 
given output level, against common mode voltage. 

Supply Sensitivity: Rate of change of input dif- 


Definition of Terms 


ferential voltage required to prodcue a given out- 
put level, against power supply voltage (V Pin 14 — 
VPin7). 

Disabled Output Clamp Current: The current which 
flows from the output of a disabled TR I -STATE 
gate when it is dragged below ground (for instance 
by a transmission-line-associated transient). It is 
derived from the Vcc power rail. 


sense amplifiers 

AC Common-Mode Input Firing Voltage: The 

peak level of a common-mode pulse which will 
exceed the Input dynamic range and cause the 
logic output to switch. Pulse characteristics: t^ = tf 
^15ns, PW = 50ns. 

Common-Mode Input Overload Recovery Time: 
The time necessary for the device to recover from 
a ±2V common-mode pulse (t^ = tf = 20 ns) prior 
to the strobe enable signal. 

Differential Input Offset Current: The absolute 
difference in the two input bias currents of one 
differential Input. 

Differential Input Overload Recovery Time: The 
time necessary for the device to recover from a 2V 
differential pulse (tf = V = 20 ns) prior to the 
strobe enable signal. 


Differential Input Threshold Voltage: The DC 
input voltage which forces the logic output to the 
logic threshold voltage (~1.5V) level. 

Input Bias Current: The DC current which flows 
into each input pin with differential input of OV. 

Supply Current: The total DC current per package 
drawn from the voltage supply. 

Offset Voltage: Difference between the absolute 
values of threshold voltage in positive- and negative- 
going directions. 

Propagation Delay Time: Interval from switching 
input through 1.5V to output traversing its 50% 
voltage point. Measured with 50^2 load to +10V 
15 pF total capacitance. 
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Physical Dimensions 

(All dimensions are in inches.) 



10 Lead Flat Package (F) 14 Lead Flat Package (F) 16 Lead Fiat Package (F) 



.uie 

n LEADS 



12 Lead TO-8 Metal Can (G) 



6 Lead TO-5 Metal Can (H) 


8 Lead TO-5 Metal Can (H) 



10 Lead TO-5 Metal Can (H) 
(Low Prof ilel 


0.025 

RAO 



0.300 
r- MAX 
1 GLASS 


aaoo 

MAX 

1 

Lii LlJ LlI liJ liJ liJ Ld 
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0.160 

MAX 


a».J 

0.012 

r 

0.385 

~ ±0.025 

1 . 



14 Lead Cavity DIP U) 
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INCHES TO MILLIMETERS CONVERSION TABLE | 

INCHES 

MM 

INCHES 

MM 

INCHES 

MM 

0.001 

0.0254 

0.010 

0.254 

0.100 

2.54 

0.002 

0.0508 

0.020 

0.508 

0.200 

5.08 

0.003 

0.0762 

0.030 

0.762 

0.300 

7.62 

0.004 

0.1016 

0.040 

1.016 

0.400 

10.16 

0.005 

0.1270 

0.050 

1.270 

0.500 

12.70 

0.006 

0.1524 

0.060 

1.524 

0.600 

15.24 

0.007 

0.1778 

0.070 

1.778 

0.700 

17.78 

0.008 

0.2032 

0.080 

2.032 

0.800 

20.32 

0.009 

0.2286 

0.090 

2.286 

0.900 

22.86 


16 Lead Flat Package (W) 
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